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This invention relates to a temperature-compensated 
direct-current amplifier, and more particularly to a direct- 
current amplifier employing a transistor. Its object is to 
provide a simple and effective direct-current transistor 
amplifier which has zero output current at cutoff, irrespec- 
tive of variations of the transistor temperature. 

When a transistor is operated with the usual inverse 
collector bias and with current flow through the emitter 
diode cut off, current which increases exponentially with 
temperature flows through the collector diode. When 
current does flow through the emitter diode, the current 
flow through the collector diode is the sum of the cut-off 
current and the current which is equal to the emitter cur- 
rent, multipled by the current-gain factor, alpha. 

When a transistor is used as the current-amplifying 
member of a direct-current amplifier, the cutoff current 
is a component of the output, unless it is balanced out or 
compensated for in some manner. With junction tran- 
sistors it is usually necessary to use a grounded emitter 
rather than a grounded-base configuration in a direct- 
current amplifier, to obtain useful current gain. There- 
fore, except when the emitter diode is biased to cutoff, 
the cutoff component of the output current is increased 
by the well-known regenerative characteristic of. a 
grounded-emitter amplifier. Arrangements are known 
using two or more transistors, along with other circuit 
elements to compensate for variations of the cutoff cur- 
rent with temperature over the entire operating range of 
tb i amplifier. . Some of these arrangements involve care- 
ful design to obtain the required result : 

However, if the requirements for the amplifier are such 
that the cutoff current, even though regenerated by the 
use of a grounded-emitter configuration, may be tolerated 
in the output when input current is flowing; but the out- 
put must be. -zero when the input current is cut off* the 
prior arrangements are unnecessarily- complicated and 
expensive. ' 

According to the invention, a direct-current amplifier 
is provided using a single transistor, and a circuit arrange-, 
ment such that the current which flows in the collector 
diode when the emitter diode is at cutoff, is balanced, by 
current flow in a diode having a temperature, character- 
istic similar to that of the collector diode. 

In the preferred form of the invention, the collector 
diode and balancing diode are in adjacent arms of a 
bridge, a resistor with a sliding tap forms the other two 
arms, the D. C. supply source is connected in one di- 
agonal, and the load is connected in the other diagonal. 

The foregoing and other objects and features of this 
invention and the manner of attaining them will become 
more apparent and the invention itself will be best under- 
stood, by reference, to the following, description of an 
embodiment of the invention taken in conjunction with 
the accompanying drawings -.' comprising Figs. 1 to 4, 
wherein: 

Fig. 1 -shows a block diagram of a telephone system 
including carrier equipment; - 



Fig. 2 shows a block diagram of a carrier terminal of . 
Fig. 1; 

Fig. 3 shows the details of a portion of the equipment 
of the, carrier terminal including the D. C amplifier, and 

6 Fig. 4 shows an alternative form of the amplifier. 
It has been chosen to disclose the invention as applied 
to a multi-channel telephone, transmission system, with 
. transmission over an open two-wire line. - 

Referring to Fig- 1, a switchboard SW1 at a first ex- 

10 change has subscriber lines such as line LI to station SI, 
and connections through conductor group 10 to carrier, 
terminal equipment CI. The second exchange includes, 
a similar switchboard SW2, lines such as L2 to station 
S2 and carrier terminal equipment C2 connected to the 

W switchboard by conductor group 20; An open two-wire 
transmission line TL extends between the carrier equip- 
ments CI and C2. 

Fig. 2 shows , a block diagram of the carrier terminal 
equipment CI. Conductor group 10 includes four trunks 

20 Tl to T4, each comprising , the direct current signalling 
leads M and E and a voice-signal pair V. The trunks 
are connected to the respective channel equipments 
CH-1 to CH-4. As shown for channel 4, each channel . 
equipment includes send equipment 210, receive equip* 

25 ment 220, and a balanced junction 112. The junction 
112 includes a hybrid transformer and a balancing" net- 
• work for coupling the conjugate outgoing line 213 and 
incoming line 236 to the two-way line V. The voice 
signals on line 213 are coupled through low-pass filter 

30 215 to line 217. The D. C. signals from Une M modulate 
an oscillator in the signal equipment 214, which produces 
a pilot signal applied to line 217. This pilot signal is 
shifted between 3400 cycles and 3550 cycles, while the. 
voice signal output from filter 215 is limited to a high 

35 of 3100 cycles. The voice and pilot signals are combined 
on line 217 and passed through a modulator and band- 

. pass filter 218 to produce signals in the 20-24 kilocycle 
channel at the output to line 244. The outgoing signals 
from channel equipments CH-1 to CH-4, in separate 

40 frequency channels as indicated, are supplied in multiple 
to line 244 giving a four-channel band of 8 to 24 kilo- 
cycles. These signals then pass through amplifiers, mod- 
ulators and band pass filters in the group-send . equip- 

4 - ment 250, where they are converted to the 40 to 56 kilo- 
cycle band, then passing over line 251 and through a 
group-line filter 252 to the transmission line TL. 

Incoming signals on line TL, in the 60 to 76 kilocycle 
band, are coupled through the group line filter 252, over 

50 line 253, through the group receive equipment 254, -where 
they are converted to signals in the 8 to 24 kilocycle band, 
thence to line 246 connected in multiple to the incoming 
lines of * the' channel equipments CH-1 to CH-4. The. 
band is divided into respective channels, as indicated, by 

~ s . band-pass filters such as filter 222. in the channel equip- 
ment CH-4. 

From the filter 222 the signals pass through an auto- 
matic gain regulator 224, and the amplifying and de- 
modulating equipment 226, to line 233. The pilot and 
*-q voice signals are then separated by the filters 234 and 
235, the voice signals, which are under 3100 cycles, pass- 
. ing through the low-pass filter 234, while the pilot signals, 
: which are at 3400 or 3550 cycles, pass through the band- 
pass filter 235. The voice signals on line 234 are then 
g- coupled through junction 112 to line V. A frequency 
■ discriminator in signalling equipment 237. converts the 
pilot signal to a D. C. signal on line E. 
" The pilot signal oh line 241 is also coupled to a control 
amplifier, and detector in equipment 238,. supplying a 
D. C signal on line 239 which , is proportional, to the 



70 



amplitude of the pilot signal on line. 241, to control 
the regulator 224. Equipment 238 also ' includes an 
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/alarm circuit . for indicating when .the. pilot signal falls ... tarn zero output current at cutoff, and remains balanced 
below, a given leveL" Ea^. channel equipment includes . for temperature variation over a wide, range. - 
a regulator similarly controlled. The. control signal from . When the input control signal exceeds the given level, 
channeM.is further. amplified by a grpup-co'ntrol ampii- current .flows through the einitter diode in its, forward, 
fier 256 for ; regulation^ in .me.'group^receiving. equip-. 5 direction; and output current flows to line 262. : This 
" nient 254. . • ; '-. > . v. ; : . -." : : output current is. approximately-equal to the input current 

Referring now to Fig. 3, the group receiving equipment at the base terminal multipled by the current-gain factor,. 
254 and . the reguiatipn-contrpi ampiifier 256 are shown ^ . ; beta. Condenser 328 filters any A. C. from the amplifier : 
parUy in circuit detail. : ^ '/'"-"■' ' :; * output." v . • • ^ 

Signals, on line: 253 from, the i group. line, filter-, pass 10 r Fig. .4 * shows- an alternative form' of : the- amplifier 
through band-pass.filter 310/ regiJatbr..314 l and the group. using a transistor 470. with Hthe;base terminal grounded.; 
demodulating and : ajnplifVingiequipment,316 l arid- thence The emitter terminal is' .connected to a sliding ^tap/of a . 
• over line 246U6, the receiving band-pass. filters : d the four resistor .474 connected between ground and the input' 
•channels -in parallel. • - V : ■= ■ P.e 439 from a D. G. signal source 490. Ajunction. 

: ITieJregulator 314 comprises- a. lattice. ; herwork of re-./ 15 diode' 472' is connected between the collector terminal. 
sisiors35i; 352, 353, ^and,354,- blocking condensers; 3S5' ' and the . negative supply 'terminal,, and a resistor 4.79 
and - 356, acid diodes 357- , and : 358 in a . balanced, line ^ with a . sliding tap is. connected between ; the : negative 
section /between, transformer /350- and irransformer . 359, I supply, terminal and ground./ A load 492 is connected 
fpr.uittdducing: equal attenuation over the entire band ae-. - by -line, 462 -from - the collector terminal, to . the tap. of 
cormng/to the level of pilot. signal. 4.= The -regulator: is-.; 20 resistor 479;: Condenser ,428- filters A. C. from the 
controlled by the D. C. output on line 262 from amplifier .. output... V . 

-256 with yrire 262 A connected through resistor 342 to . . ..Operation; .is similar to that of amplifier 256;; The 

the center tap of transformer 359, and =wire 262B. con-; : : transistor is cut off when. the input signals, on. line 439 
nected to. the center, tap of . transformer 350. \ The.D. C. . . are at a. negative potential. ■ The. output current is then 
flow: through; the.diodes^357.and .358 controls the A; C. 25 adjusted to zero by the slider of resistor. 479. When the 
loss, of the regulator 314. . .. . . . input signals on line .439. are. positive, the output current 

When the : : control signal from ■; channel. 4 -is below a . . is r approximately the input current at the emitter terminal 
given levelr bn line 239, it is desired mat - there rbe a : .multipled by the current gain factor, alpha, 
minimum signal loss in regulator.. 314;, and ;that .there- AVm'le . i ;have described : ; above the principles of my 
. f ore. the : D; C. output current fronv amplifier 256 to. line 30 invention in connection with specific apparatus, it is to 
: 262 be zero. As the control signal on line 239 in- be clearly understood that this description is made only 
creases above; the given level,, the : IX C. current, on line . by way. .of example! and not as a limitation to the ; scope 
262 increases to increase the loss in regulator 314, : therer • . : of ■ my .invention; 

by decreasing, the signal level on • line". 3 15. ?Sihce the I claim : : ' . : . r 

control signal level' varies according to the level, of the. -35 . , l. A \ direct-current transistor amplifier comprising a 

. pilot signal - 4 included in . the output of /the, regulator . transistor haying an emitter member, a collector member 
314, the system will ; : stabilize with the current on line • arid. a common base member, with emitter, base, and col v 
262 which produces, the loss in regulator 314 necessary V. lector terminals connected to the respective members, the 
to establish the corresponding input signal '. on line 239. . emitter, and base members comprising an. emitter diode. 
Therefore it may :be seen that the., output of amplifier 40 the collector: and base, members comprising a collector 
256 : to line 262 should increase as the input on line 239 >- . diode, a balancing .djbde . haying a variation of . inverse 
increases* above the given "level," but that the exact rela; : current with = temperature similar, to that of the collector 
tion between output and input is not critical.. diode, when no current is .flowing through the emitter 

. The.: amplifier 256 comprises a .. PNP junction tranr - diode, .supply , source means for driving a direct cunent 
sistpr 370, which may be.; type. 2N44. . A resistor 374 is 45 through the -balancing diode and the collector diode in 

■ connected from the input line 239 to ground,; .with ; a series ; in the inverse direction,, an input ; circuit : path 
sliding.tap of the resistor connected to trie : base terminal. . '/■' through the. emitter diode, an output circuit path, 'means. 
A regulated one-volt negative potential .is -.obtained at .including; a xircuit-. arrangement for balancing current, 
the emitter, terminal by connecting: it "to :&e: junction ; ^ in col-, 

a resistor 376 ahi a diode 378, .which: are ..connected! in .50: lector. -diode, for obtaining substantially, zero output cur- 
series between the negative terminal of the D.;C. power.-:' rent at : any . temperature within a given range , when no 
supply and ground. Diode 378 may be type 6Q03^ T^ S current. is L flowing through the emitter diode in its for- 

. . control signal on; line 239 has a- negative :;potenu*al : to - " ward ^ \difection," and • means, responsive to input current 
ground. ? The ! slider, of . resistor 374 is adjusted so. that ; : flow through the emitter diode in its forward direction for 
input current flow through, the emitter .diode .of. trans? 155 ca^ng\cofresponding current .flow in , the output circuit 
sistor 370 cuts off at the^ given signal level on mie 239.. v path...:;.''..: . : . 7 . 
..When the. input signal is: belo;w: the given . level, the 2. In : a <^rec.t-curr.ent transistor, ampiifier according, 
transistor is cut off. by mverse bias .of ; the emitter. diode; , to r claim :l, a. fpur-tenrunal bridge, with the, said collector. 
but : with the normal inverse" bias, potential applied., to 1 diode, included, in-. one . arm, the said balancing .-.diode in 
the collector = terminal; cutoff current flows tiir.ough .the qq another arm/ resistors, in- the remaining arms, the .said put- . 
collector diode. • This cutpff current . increases . expbnsn- put circuit path in thcdiagonal from the collector terminal 
tially. .as the. temperature. increases/' - . to the opposite. : terminal, . and the said . supply source . 

- According to the:invention, a junction tode 372, which ; rheahs in- the, other: digonal.: . : 

may be a type .lN91, is connected between the collector. : : 3; In a direct-current transistor amplifier according to = 
terirunal /and" the: : negative .'.supply/ ..terminal. ' This .balr . 05. c |aim i, means mclumrig a crystal, diode for . establishing 
ancing diode /should, have a va^tioh of f inverse xurrent ^ regulated pofential. of one polarity between, the said 
with tempeirature similar to [ttet :of the cutoff current of '■ . _ emitter terminal^ arid a reference ground, and a source .pf - 
the collector diode of the transistor: A resistor 379; with : direct-current input. signals of said one polarity to ground 
a sliding - tap . is : connected; between me . negative supply : coupled to the said base terminal, , whereby current , flows 
terminal and, ground, forming a. bridge ^comprising the 70 through the. emitter diode ; in its /forward direction when 

. two ends; of resistor 379, ^ diode 372, and; the collector ^ t signal potential- at the base : ^tennmal- exceeds the regu- 
diode. : The output,, load, comprising the^-D. p. ; ;.path. . ■ Viated potential at the emitter, terminal. : 
through: regulator 3.14; in series .with resistor 342,: is'cpnr: * . 4.-Tn:'cpinbination :with: a . direct-current transistor am- 

/ nected between .the coU^toz :ter^^ . ; plifier. according to claim l t a fransrruKion path, a>purce 

sistor 379. The slider of resistor ;379 is adjusted to ob-. 75 .oralternaung-cin^t signals including a pUpt signal cbu- 
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pled to the transmission path, a regulator included in the 
transmission path for reducing the variation of signal 
level according to the level, of the pilot signal, means for . 
obtaining a direct-current control signal which varies in 
value according to the. level of the pilot signal at a se- 5 
lected point in the transmission path, means coupling, the 
control signal to the said input circuit path, and. means 
coupling the said output circuit path to the regulator for 
controlling the amount of loss to the alternating current 
signals passing through the regulator. 10 
5. In a combination according to claim 4, means re- 



6 



sponsive to the said control signal having a value below . 
a. given level for blocking forward current flow through 
the said emitter diode, and means responsive to the con- 
trol signal having, a value above the given level, for caus- 
ing current to flow through the emitter diode in its for- 
ward direction. 

6. A combination according to claim- 4, wherein tie 
said alternating-current signals pass through the said 
regulator before the said selected point in the transmis- 
sion path. 

No referencies cited. 
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tune, NJ., assignors to the United States of America as <- 
represented by the Secretary of the Army 
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ABSTRACT OF THE DISCLOSURE 



The detected Doppler signals are applied in parallel to a 
target signal channel and a lower-frequency clutter con- 
trol channel. The target signal channel includes an alarm 15 
which is actuated if the signal level therein exceeds the 
threshold of a threshold circuit. The output of the clutter 
control channel raises the threshold or reduces the band- 
width of the target signal channel, thus maintaining high 
sensitivity in the absence of wind-induced clutter and pre- 20 
venting false alarms caused by clutter in the target signal 
channel. 



The. invention described herein may be manufactured, 
used, and licensed by or for the Government for gov- 25 
ernmental purposes without the payment to us of any 
royalty thereon. 

The present invention relates to Doppler radar sets of 
the type used to detect moving surface targets such as 
men and vehicles. When such radars are used in wooded 30 
or jungle areas, the wind-induced movement of the foliage 
produces Doppler clutter signals which can interfere with 
the detection and recognition of the desired targets. In 
early radars of this type, the Doppler signals were ap- 
plied to earphones, which required continual monitoring 35 
by an operator. With this type of equipment skilled op- 
erators can learn to recognize different types of target and 
clutter signals by their distinctive sounds. Later develop- 
ments eliminated the constant monitoring of the radar set 40 
by providing automatic detection systems which would ac- 
tuate an alarm if a moving target appeared within the 
radar beam. One difficulty with such automatic systems is 
a reduced capability for distinguishing between desired 
targets and clutter compared to the continually aurally- 4 - 
monitored sets and the skill of the operators thereof. Wind- 9 
induced Doppler clutter signals are generally lower in fre- 
quency than the Doppler signals produced by moving men 
and vehicles, however high winds or brief' wind gusts can 
produce Doppler signals of the same frequency as slowly ^ 
moving men or vehicles. Filters have been inserted in the 
Doppler channels of such radars to block wind clutter 
frequencies and pass the higher frequency target signals, 
however if the lower frequency limit of these filters is 
made high enough to eliminate all wind clutter signals, 55 
some of the slower moving target signals will be lost, and 
if the lower limit is set low enough to include these slower 
moving targets, wind-induced clutter will sometimes enter 
the target filter and cause false alarms. The. present in- 
vention comprises a Doppler. radar set which overcomes 60 
these difficulties by providing an automatic Doppler de- 
tection system in which the sensitivity is automatically 
controlled by the amount of received clutter signal. With 
such an arrangement, maximum sensitivity to desired tar- 
gets obtains in the absence of wind-induced clutter, and ^ 5 
false alarms caused by wind are reduced. The circuitry in- 
cludes means for applying the Doppler frequency output 
of the radar in parallel to a target signal channel and a 
clutter control channel. The target signal channel com- 
prises a target bandpass filter followed by a detector, a 79 
low pass filter, a threshold circuit and an alarm circuit 
in cascade. A filter in the clutter control channel is tuned 



to sense the amount of wind-induced clutter below the 
lower frequency limit of the target bandpass filter. The 
detected output of this clutter filter is utilized in one em- 
bodiment to vary the threshold or sensitivity of the thresh- 
old circuit, and in another embodiment to vary the lower 
frequency limit of the target filter, this achieving the de- 
sired result. A delay circuit in the target signal channel 
compensates for the different time constants of the two 
filters and further reduces the probability of false alarms. 

It is thus an object of this invention to provide a Dop- 
pler radar set in which the effects of wind-induced clutter 
signals are minimized. 

A further object of the invention is to provide a Doppler 
radar set in which the amount of Doppler clutter below 
the frequency range of desired targets is continually moni- 
tored and the main Doppler target signal channel is con- 
trolled in accordance with the amount of clutter, whereby 
the sensitivity of the set remains high in the absence of 
clutter and is reduced when clutter signals fall into the 
frequency range of moving targets which it is desired to 
detect. 

These and other objects and advantages of the invention 
will become apparent from the following description and 
drawings in which: 

FIGURES 1 and 3 are block diagrams of two embodi- 
ments of the invention; 

FIGURE 2 is a plurality of curves illustrating the oper- 
ation of the illustrative circuitry; 

FIGURE 4 is a diagram showing one condition of oper- 
ation of the illustrated circuitry; and 

FIGURE 5 is a detailed circuit diagram of the bandpass 
filter 10 of FIGURE 3. 

The Doppler radar set 6 and antenna 5 of FIGURE 1 
comprise circuitry for transmitting and receiving either a 
pulsed or continuous wave radar beam, detecting any mov- 
ing targets within said beam by known techniques to pro- 
duce Doppler frequency signals indicative thereof at out- 
put lead 7. The Doppler signals are applied in parallel to 
a target signal channel and a clutter control channel, the 
former comprising delay circuit 8, bandpass filter 9, de- 
tector 11, low pass filter 13, threshold circuit IS and 
alarm circuit 17, all in cascade. The clutter control chan- 
nel comprises clutter filter 19, detector 21, and low pass 
filter 23, the output of which controls the threshold or 
sensitivity of circuit 15. FIGURE 2 shows in dashed lines 
the frequency responses of the two filters 9 and 19, as well 
as the amount and frequency range of wind-induced clut- 
ter for sustained winds of 3, 12 and 20 knots. It can be 
seen that the filter 9 has a lower half power point of about 
45 Hertz and an upper half power point of about 9,500 
Hertz, this being the target frequency range of interest 
The lower frequency limit of 45 Hertz corresponds to a 
target radial velocity of approximately 2.5 kilometers/hr., 
for X band radar with a wavelength of approximately 3 
cm. It can be seen that the Doppler clutter signals pro- 
duced by winds of 12 knots or less all fall below the 
frequency range of the target frequency filter 9, however 
winds of 20 knots or more will produce Doppler clutter 
within the target signal frequency range. The clutter band- 
pass filter 19 has its center frequency at approximately 
20 Hertz and a bandwidth such that clutter frequencies 
caused by winds which are too low to overlap the re- 
sponse of target filter .9 will cause negligible response in 
the clutter control channel. Thus, while winds of 12 knots 
will produce some response in the clutter control channel, 
the amplitude of this response is not sufficient to produce 
any appreciable control function. The passband of filter 
19 and the gain of the clutter control channel is arranged 
so that any wind clutter signals of such frequency range 
as to overlap the target signal channel, such as the 20 
knot curve illustrated, will produce the desired control 
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function at the output of the clutter control channel. It 
should be noted that the foliage velocity on the average 
is always much lower than the wind that causes it This 
accounts for the relatively low Doppler clutter frequen- 
cies caused by winds of substantial force. Returning to 
FIGURE 1, the target signal channel without the clutter 
control channel comprises a prior art type of automatic 
detection Doppler radar referred to above. In such a 
system the target Doppler frequencies of interest are se- 
lected by filter 9, rectified or detected by detector 11, con- 
verted to a smoot DC voltage by low pass filter 15 and 
applied to the control input of threshold circuit 15, which 
in the prior art had a fixed or manually adjustable thresh- 
old or sensitivity. When the output of filter 13 exceeded 
the threshold of circuit 15, the alarm 17 would be actu- 
ated to notify personnel in the area that the radar had 
picked up a moving target. In accordance with the pres- 
ent invention, the threshold or sensitivity of the circuit 
15 is made automatically responsive to the output of the 
clutter control channel, so that in the presence of large 20 
amounts of wind-induced clutter, the threshold of circuit 
15 is raised to de-sensitize this circuit for the duration of 
the clutter. Thus, during periods of little or no wind, the 
threshold of 15 may be such that the system is extremely 
sensitive to the desired targets, but during the presence of 25 
wind, the clutter which may leak into the target signal 
channel will not produce false alarms, since the same 
clutter is utilized to raise the threshold level. The detector 
21 and low pass filter 23 function in the same way as the 
corresponding circuitry of the target signal channel. The 
threshold circuit 15 may comprise merely a back-biased 
diode, the amount of back bias determing the threshold 
thereof. The output of the clutter control channel would 
provide the variable back-bias. Such threshold circuits are 
shown in the Gillmer Patent 3,140,486, issued on July 35 
7, 1964. The rest of the circuitry within the blocks of 
FIGURE 1 is conventional and need not be described in 
detail. 

The purpose of the delay circuit 8 is to compensate for 



30 



generate sufficient output from the clutter control channel 
to automatically raise the lower frequency limit of filter 
10 far enough so that the amount of wind clutter signal 
in the target signal channel would be reduced by such an 
amount that the clutter signal would not be of sufficient 
amplitude to overcome the threshold of circuit 15. Thus 
the result is the same as in the circuit of FIGURE 1, 
the output of the clutter channel automatically de-sensi- 
tizing the target signal channel, but accomplishing this 
by reducing the bandwidth thereof. The circuit elements 
of FIGURE 3 bearing the same reference numerals as 
those of FIGURE 1 perform the same function. FIG- 
URE 5 shows in detail how the bandwidth of the filter 
10 may be controlled in the desired manner. The variable 
bandpass filter may comprise an RL network comprising 
a series resistor 31 and a shunt inductor 35, which net- 
work comprises a high pass filter with a cutoff frequency 
which varies directly with the magnitude of the inductance 
of 35. Inductor 35 is part of a saturable reactor, the induc- 
tance of which is controlled by the amount of control 
current fed to the control winding 37 thereof from the 
output of low pass filter 23, which is the output of the 
clutter control channel. The inductor 35 and resistor 31 
are proportioned so that in the absence of current in the 
control winding 37, the frequency response of the filter 
would be the same as that of the filter 9 shown in FIG- 
URE 2. Clutter signals will cause the inductance of 35 to 
decrease, thus raising the cutoff frequency (or the lower 
frequency limit) of the filter sufficiently so that the 
clutter signal is kept out of the target signal channel. 
The voltage across inductor 35 is applied to an amplifier 
39 and thence to a low pass filter comprising a series 
resistor 41 and a shunt capacitor 43. The combination of 
the low pass filter 41, 43 and the high pass filter 31, 35 
comprises the variable bandpass filter. The values of 41 
and 43 are chosen to produce the fixed upper frequency 
limit of approximately 9,500 Hertz, as shown in FIGURE 
2. The amplifier 39 in addition to producing gain, de- 
couples the high and low pass filters from each other. 



different transit times of the same signal through the two 40 The fixed filter 9 of FIGURE 1 may be similar to the 
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channels, which can cause false alarms. Since the clut- 
ter filter 19 has a lower center frequency and a smaller 
bandwidth than target filter 9, it will require a longer time 
for the energy to build up and decay in this filter than in 
the target channel filter 9. Thus the filter 19 acts as a delay 
cicuit and the delay circuit 8 is inserted to equalize the 
delay in both channels. This effect of a differential delay 
can be illustrated by the diagram of FIGURE 4. The 
pulses 25 and 27 represent the outputs of the two low 
pass filters 13 and 23 respectively in the absence of the 50 
delay circuit 8, for a wind clutter input signal of such 
frequency that it enters both channels. It can be seen that 
this clutter signal 25 in the target channel will reach the 
threshold circuit 15 before the same signal in the clutter 
control channel has had a chance to raise the threshold. 
Thus the leading edge of the pulse 25 will trigger a false 
alarm. The delay circuit 8 is given a delay of t 2 minus t u 
equal to the differential delay of the two channels in the 
absence of delay circuit 8, so that the same clutter signal 
in both channels will reach the threshold circuit simul- 
taneously. The dashed-line curve 25' is the delayed clut- 
ter signal of the target channel. The time delay of / a minus 
/ A is determined from the time difference required for the 
two curves 25 and 27 to reach one half of the maximum 
voltage of each. 

In the second embodiment of FIGURE 3 a threshold 
circuit with a fixed or manually variable threshold is 
utilized, as in the prior art, but the output of the clutter 
control channel is utilized to automatical 1/ raise the lower 
frequency limit of a variable bandpass filter 10 of the 
target signal channel in response to the presence of out- 
put from the clutter signal channel. Thus in the absence 
of wind-induced clutter, the low frequency cutoff of 
filter 10 would be the same as that of filter 9, as illus- 
trated in FIGURE 2. Winds of 20 knots or more would 75 
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filter of FIGURE 5, but with fixed elements. It should 
be noted that saturable reactor comprising windings 35 
and 37 are shown in schematic form only. In practice 
the windings 33 and 37 would be applied to a two-window 
core with the control winding 37 on the center leg of the 
core, and the winding 35 on the two outer legs. Instead of 
a variable reactor, the lower frequency limit of the filter 
may be controlled by varying the resistance of 31. This 
can be accomplished by utilizing a resistor 31 of semi- 
conductor material, which has a high temperature coeffi- 
cient of resistance, and applying the control signal from 
low pass filter 23 to a heating element adjacent to the 
resistor 31. The change in resistance then produces the 
required change in the response of the filter. 

While the invention has been described in connection 
with illustrative embodiments, the inventive concepts dis- 
closed herein are of general application, hence the in- 
vention should be limited only by the scope of the ap- 
pended claims. 
What is claimed is: 

1. A Doppler radar set having means to actuate an 
alarm when moving targets enter the beam of said set, 
comprising, means to derive Doppler frequency signals 
from moving targets and moving clutter within said beam, 
a target signal channel and a clutter control channel) 
means, to apply said Doppler signals in parallel to both 
said channels, said target signal channel being tuned to 
a band of frequencies representing the Doppler shifts of 
desired targets and said clutter control channel being 
tuned to a band of frequencies below that of said target 
signal channel, said means to actuate an alarm being con- 
nected in said target signal channel, and means to de-sensi- 
tize said target signal channel in response to output from 
said clutter control channel, and wherein said target sig- 
nal channel includes a threshold circuit with a control in- 



02/19/2004, EAST Version: 1.4.1 



3,465,: 

5 

put for automatically changing the threshold thereof and 
wherein said means to de-sensitize said target signal chan- . 
nel comprises a connection from the output of said clut- 
ter control channel to the control input of said thresh- 
old circuit. 5 

2. A Doppler radar set having means to actuate an 
alarm when moving targets enter the beam of said set, 
comprising, means to derive Doppler frequency signals 
from moving targets and moving clutter within said 
beam, a target signal channel and a clutter control chan- jq 
nel, means to apply said Doppler signals in parallel to 
both said channels, said target signal channel being tuned 
to a band of frequencies representing the Doppler shifts 
of desired targets and said clutter control channel being 
tuned to a band of frequencies below that of said target 15 
signal channel, said means to actuate an alarm being 
connected in said target signal channel, and means to de- 
sensitize said target signal channel in response to out- 
put from said cutter control channel, and wherein said 



6 

target signal channel comprises a variable bandpass filter 
including a control input for automatically changing the 
lower frequency limit of the bandpass thereof, said varia- 
ble bandpass filter normally being tuned to said band of 
frequencies, and wherein the output of said clutter con- 
trol channel is connected to said control input 
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United States Patent Office. 2 ' 939 - 918 

, / ■ ' Patent d Jun 7, 1960 

— — - : - . ., . ...... ^ . 

bMd^Uiidu^- J&rom frequency F, to frequency F a (F1& 
2 9« 01ft . l\\ ^ e circuit franca 12 includes a filter 26. Tlie filter 

^ ■ WWW- 26 i u.characterized *>y a passband which includes the lower 

SYSTEM FOR COMPRESSING BANDWIDTH v of ^ ba a<*width accepted from signal source 25 

Nathan a - 5 plus ^sinall increment (A) of the uper half. The «ass- 

Med Aug. 24, 1954, Ser. No. 451,991 «» The filter 26 is fpnnected directly between the output 

. 7 Claims. (0.179-^15.55) - 5 nd of ,^ co W*M vacuum tube 22 and the input end of 

— v 1 -*. *' s *»-«w»J decoupling vacuum tube 24. 

The .circuit branch 10 includes a filter 28. The filter 

This invention concerns a method ami « < i« ^? t chajacterized by a passband in the acceptance band . 

compressing bandS^nd Sm^SLi. for 15 I f «"» **» Permits passage of the frequencies 

refers whose intermediate frequency bandwith k F '+ F '4.^ • 

wder than is necessary for fidelity reasons alone 20 — 2^+ A 

•^earSvY^rbSiS S * ^ & ft"* » includes 

beacon receiver is made necessary Ttofact «h*fa 3 J^?*- . A *** oscillator. 34 is connected to 
terrogating transmitters fflaT^er m freq^c^over Tm*r* 32,. Tne output end 

a considerable region. Tnis invention SFSSdSmE 2S / * cotter of the grids of mixer 

use -with any receiver which fa reqSred ?o lfaten E f? S6 ^« generated , by the local oscfl- 

smiultanepusly on a wide band ofSuVnc fes for no? EVt'-fS* tp * e sum " f ^ ^»endes defining 
sible transmissions, although the sLnab themstlvL onlv &^' rf '%' e 5ffi^? band deriv «l from 

occupy a narrow spectrum bandwidm There fa ™ ^- s W rc **5. :JS» Jnfeer stage. 32 heterodynes, tfie- 
inherent frequency h4S in^^m- Wvfr ?^ so ^Vi^#^ r 2j> - aad loc ^ oscillator 34. A 
specific advantage are of moltM WftSSL? *?* fflter 4 V« connected in the plate circuit of the 
very wideband. receivers high-frequency, mixer stage : 32. :Tie filter 42 is characterized hy a 

An object of this invention is to provide a method for fHO*^ ^P^^l beat frequency 

compressing bandwidth. metnodfor from maer stage .32. The bandpass of filter 42 adends 

. A -further object is to provide a method for compress- 35 ■&*> l &*&&%i to 
wg intermediate frequency bandwidth in a wide-cover- Fi+Fi 
a^receiver to slightly more than one-half its original ^FT* 

A further object is to provide a system for comDressine Sf' >! °P erates a *arp low frequency cutoff, 
bandwidth. /««n ior compressing Filter 42 operates with a sharp nigh frequency cutoff 

_ A further object is to provide a system for compressine ^ °?^ Ut e ° d - of fflt?r ** * TOnn «*ed to the input 
intermediate frequency bandwidth in a wid^vS^e? f d °¥ ^ecouphng vacuum tube 18. Decoupling by 

ceiver to slightly more than one-half its orSnalvalul ? K d f * least at one end 80 ™ere can 

Other. objects and many of the attendantldvJC^ !* n ° undes ? rabl ? due to feedback around the 

of this invention will be readily appreciated as tHelaml °°f mm *™P* ? e , lw ° branches 10 and 12. . 

becomes better understood by reference- to the foUownw « - - t ^ S A 18 ^ected to the output ends of 

detailed , description when considered in SmLtion Zh 45 ^ b ?"^ es L V ^ d 11,8 P assb ^ ld of «»*«ter 

the accompanying drawings wherein- ' - y s "gh"y more than one-half the acceptance 

Fig. 4 is a schematic wiring diagram of .a oreferred bandwid * of the branches 10 and 12 to signals from 

embodiment of this invention with most comnonents source2 u 5 The outouts from circuit branches- 10 and 12 

shown in block form, components us combined ,and amplified by amplifier 52. The output 

Fig. 2 shows a graphical, plot of the frandwidth innut 50 ? £ i the .? m P Iifl tt « an amplified signal, which may be de- 

to the circuit of Fig. 1 and its. division bV the branches tected ,' J" 5 *, 88 " 1 a..conventiqnal system. If desired, more 

ofFig.1, ° 4 * vl * ,?s complex. filters may be- substituted to afford the isola- 

Fig. 3 is a graphical plot of the output frequency band ?f n ,f boye °y the isolation vacuum tubes 16, 

of the circuit of Fig. 1, and ' . 18, 22, and 24, making ^e latter unnecessary. In Mother 

Fig. 4 is. a block diagram of a receiver incradine this 56 ^^ m ° re ^ volved oand-dindmg filters may be designed 

invention. - ■ which split up an acceptance band in two. sections while 

The embodiment of the invention shown in Fig. 1 maintaining a constant input impedance... These aire sfini- . 

includes a pair of isolated circuit branches 10'andJ2' to..the:cross,-<>ver networks : used iin higtand-low. fre^ 

•The circuit branch 10 includes a decoupling vacuum tube '' uenc y loudspeaker installations. The use of these might 

16 at its input end and : a decoupling . vacuum tube 18 e I"ninate:the. necessity. for;die input.nau- of vacuum. tubes, 

atits^butput end. The, circuit- branch 12 includes a de- V? we 58 shown *n. : Flg.;4 in block -form; : the. relation- 

coupling vacuum tube 22at.its inputtend and' a decou- " "W.™ ^.Pompression : cu^it.to.;the rem'amderio'f a . 

.pliug vacuum tube 24. at its output end. The decounlina recei yer-. The -.cpmpression ; circuit 100 ^ in accordance with . 
vacuum tubes of the circuit branches 10 and 12 serve « * ^ ent,on > connected ..between -a. irc-ampiiifer.102, . 

to decouple the-circuit .branches from each other tolie- * ?* am 'W' t Thepre-ampiffier 

vent:interaction between.the components in the-circuTt '^^T^^^■ m n : ^ : "^.^■' i ^ , ^^^■ 

branches. The-input ends of circuit torandi^ iTTa J? 10 de tector-and,video or audio circuits,108. # . 

W-are.-adapted.torbe -Sn^TJ-SfSaJi^ ^-.dxcoii is best ulustrated.by .a 

signal source 25 provides a namiw «J^n"S^ ' numencal .example. An. inspection of the quantities in- . . 

Where in a seS vTry acS^ CfZ" 7 ° ^ penpal example,shows that the/mixing 

' vay mae ' aCCeptance frequency action m the circuit , branch 10 converts the upper half 
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of the circuit acceptance band to signals from source 25 
into the lower half of the band from source 25: To illus- 
trate, let it be assumed that the acceptance frequency band 
extends from 10 to 90 megacycles.. Further, let it be as- 
sumed that A is 5 megacycles.-. Therefore, the passband 
of filter 26 extends from 10 "to 55 megacycles. The pass- 
band of filter 2S extends from 55 to 90 megacycles. 
The local oscillator frequency is equal to 10+90 or 100 
megacycles.- The difference generated in the mixer stage 
32 is equal to' 100- (55" to 90) or 10 to 45 megacycles. 1Q 
As a result, the 10 to 90 acceptance frequency band 
from source 25 is fitted into a band of 10 to. 55 mega-, 
cycles. If the frequency increment £ were not employed . 
in the. filter design, the acceptance band of sisals from 
source 25/ would be divided exactly in half .. The lower 10 
half of the band would go through circuit branch 12 and 
the upper half of the band would go into the mixer 
stage 32 in circuit branch 10. Under this; condition of 
operation a frequency at or close to the; center, of the 



lator for generating a frequency which is equal to. the 
sum of the frequencies defining the limits of tftejprc- 
determined frequency band, a mixer stage coiinected to 
said second filter and to said local oscillator, and a third . 
filter connected to the. output of said mixer stage and 
characterized by a. passband for passing only lower side- 
band frequencies from said mixer stage; the amount delta 
being no larger than is : necessary for preventmg.harmful . 
low frequency modulation of the desired signal. - : 
' .2; A bandwidth compression circuit for a. predeter- 
mined frequency acceptance .band comprising a ; signal 
source of said band, an amplifier, parallel circuits con- 
nectingsaid source to said amplifier, each of said circuits 
including the^ near H 16 

begmning : and one near, the end thereof, one of said cir- 
cuits between its said stages having a filter, passing only 
signals of frequencies: in the range of . a lower part of at 
least half of said frequency band plus an increment equal 
to asmall fraction of the : . entire frequency range pf said 



operation a. frequency at or close to Reenter .5*™* ^ "^'baad' ana the other of said circuits having 
input band would arrive at the output of circuit branches ,20 ^pta?* ySrfes^Sleg^iiing iinme 
10 and 12 since filter characteristics cannot be made ?^^ b ^ ?J^^ S e ^fflto passing only signal 
infinitely sharp. The output of circuit branches 10 and i'^g^^ ^Cer^part If S 
12 would then contain frequency components which are ^^ n ^5 ^St 'to Se upper limit of said band, 
very close, together. Frequency components which .would .^.^f^M^^^^^.gtg^^^a 
ibe^close together would beat;. in; the puju^detec^r to 29 ,& W^ff g^^f K part : mtaus.^d 
produce undesirable low. frequency. modulaUon ; on the :*JS^;^^ I 32ter. connected to: said' mixer 
desired signal. Therefore, by stegger^ the,b.ranch ac- : .^^^ff^^^^-'^m^ 

the filters; it also depends upon, the harmful effects o? : .a ; 
low frequency beat in using the receiver, ■■' r ^ 



The spurious low-frequency modulation may ..be re 
duced to whatever extent necessary by making A large 
'enough. How large it needs to be depends on the-vwdQi 
of the signal; sr^ctrum, and the sharpness of the filter 
characteristics. 



frequency band. . : . .. . ...<..-. -- ^ . 

4. A bandwidth compression circuit fpca. predeter- 
mined frequent acceptance bMd.comjprisinff.a .signal 
source of said band, an amplifier,. parallel circuits con- 
necting said source to said amplifier, one of saidcircwts 
having a filter passing only signalsof . frequencies m the 
range of the lowest frequency in. the.band to; at least half 



laracteristics. \ ■ y ; _ ■ ■ . , . 40 f ^^3^ acceptance band plus an. increment 

Hie output frequencrrcspqnse wul be flat onjyd the .±^J^^fJ^^-^^ frequency range 
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gain through both circuit branches 10 and. 12 ^re equaL 
This may conveniently be arranged by setting the gain of 
a tube in the circuit . If the gain through all filters is unity, 
it follows that the mixer conversion gain is unity .for flat 
frequency response. . - *..'* 

The bandwidth is compressed to make possible ampli- 
fication over a wide band/using a reasonable number of 
tubes. Gain-bandwidth considerations would force use 
of a very large number of tubes in a conventional J? 
design of 80 megacycles bandwidth, for example. With 50 
half the bandwidth, the number of: tubes is cut by much 
more than half. ' " • ' . • A 

The system described may be cascaded for further -.band, 
width narrowing. However, too mudai cascading generally 

• lowers receiver, sensitivity. . / . ; -.: . - 

Obviously many modifications and variations of tnt . 

• present in ventibn are . possible in "the light of the above, - 
teachings. It is therefore to be understood, that within 
the scope ' of the appended clalfns .the irivenupn may be 
practiced, otherwise. than, as ' specifi^y described... - 

* We claim: v - '.-. :1: V : ' * ■• A \' 

: : 1. A rmdwidth compression L circuit for. a preoeter- 
nunW freiniency.band comprisir^ a first circuit branch, 
a second ckc^^ connecting said. car-. , ■ 

: cuit baches -m 'paraUel a^ » ? 
braricW against interaction, wim. OTe ; another; sa;d ^t . 
circuit .branch mcluding a first .filter characterized. by. a , 
passband corresponding to] fluci 16wer:part.pf the ^redeter- 



equal to a small fraction *f the entire frequency range 
of said acceptance band, :and Jhe other- of m& cucuits 
having sequentially in series therein first a filter passing 
only signal frequencies in -the range, from, said half of 
said acceptance band plus said mcrement to the upper 
limit of said band, and then a filter passing only signal 
frequencies in the range from, me lowest; frequency in 
said acceptance , band to. said about half of . said accept- 
ance band minus said increment, : and means connected 
to said other of said paraUel circuits between said filters 
in that barallel circuit, for heterodyning :the signal fre- 
quencies passing the first filter, in that said other parallel 
circuit with a .frequency equal to the sum of about the 
lowest arid highest limits of said acceptance band to a 
55 range within the said lower part. of. said acceptance-band. 
5 A bandwidth .compression ; circuity for . a. predeter- 
rnined frequency acceptance, band compnsing .a signal 
source, of said band,, an -amplifier, .parallel circmts;<on- 
necting said- source to said amplifier,>one of said circuits 
60 • hiving: a fflter .passing only-signals, of frequencies; m the 
range of a lower: part : of at least half of said frequency 
acceptance band plus an iiicrement equal to a small: frac- 
tion of th& entire . frequency : "range of *- said acceptance 
band; and the. other of said circuits having sequentially, 
in series, -therein/first^ "a -mte^passing. .only : signal .fre- 
quencies in Mrah^' from^^'^^^ of - said -band 
"plus i said *:mcrerrient to the :<upper. limits of ;said.band and. 
then ; a;filter:passmg 



mined frequency band, me. passband. dulej^ on -; - ft Q f said lower part miniis 
half the : predetermined frequency band; ^ by an amoum ./u ^gj^^.:^^ 
delti;.said.s^nd drcmYbraf^ heterodymng tlw ^ signal frequent passm^ 

characterised by a passband. e<xual to the d ^^ Q D J .. ■ ^ ^ othe r paraUeK circuit with a frequency : equal 
S^J^^^^^i^^- > ^su^-of the ^^e^ of^d^c^ 

shWp cutoff 't^^;^^^-^^^ • 7 ?,^^>J- t \v; ; .^-i.^.:~' vVv.- V;;^>-. ; , ; - 2 .M^w'. 
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6. Hie circuit as set forth in claim 4, and means aso- 
dated with the beginning and end of each of said paral- 
lel circuits for decoupling them. 

7. The circuit as set forth in claim 5, and means asso- 
ciated with each of said parallel circuits for decoupling 
them. 



6 
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[57] ABSTRACT 

A matched filter having a frequency band signal input 
which is coupled through a wide band filter, through a 
plurality of narrow band filters coextensive in frequen- 
cy with the wide band filter to phase code and decode 
the signal, through a similar number of hard limiters 
or comparators to an adder, and through a band pass 
filter, all between transmit-receive (T-R) switches of 
an electromagnetic echo ranging target detection 
system to detect targets in noise interference and 
countermeasure environments. 

3 Claims, 2 Drawing Figures 
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MATCHED FILTER lowest signal-to-interference ratio for a 50 percent 

BACKGROUND OF THE INVENTION PKl ^ 1 £ 1 S^S^ * ^ CTAR 

capability, the two definitions are equivalent 

This inventi n relates to matched filter techniques The simplest model, which has been extensively used 
and m re particularly to matched filters used in the 5 in detection studies, considers an environment in which 
transmitter and receiver circuits of an echo ranging the target echo is received together with stationary ad- 
system with phase shifting means to phase code and ditive Gaussian noise. Under these conditions, conven- 
decode the transmitted and received frequency signals, tional normalization techniques, such as AGC, are ef- 
respectively, and with limiting means to control the fective in providing CFAR and the optimum detector is 
false alarm rate to detect real targets in a low signal-to- 10 then a matched filter or one of its equivalents, such as 
noise ratio environment and where countermeasures an active correlator. When the interference is non- 
are received back to provide false ranges of the target. Gaussian and/or nonstationary, these techniques 

In the prior art, in order to perform its basic task, an become vulnerable to increased false alarms. Inter- 
echo ranging system must detect the presence of a ference wavefroms which are rapidly swept in frequen- 
signal echo in the presence of background interference cy and narrow band (compared to the signal band- 
and properly identify the detected signal. Signal detec- width) interference waveforms are particularly effec- 
tion requires the system to recognize a small increase in tive in causing increased false alarm rates in such 
the power received in the presence of a high level of systems. A simple limiting counter-countermeasure 
background interference due to natural phenomena 2Q (OCM) technique has been developed which solved the 
and to jamming type countermeasures (CM). In an au- normalization problem in the presence of swept and 
tomatic (unmanned) system, this requires pre- wide band interference waveforms. This technique 
establishment of a threshold or set of thresholds which, does not provide any enhancement of the signal but is 
when exceeded, indicate the presence of a signal. Due compatible with conventional matched filtering. The 
to the statistical nature of the interference, there will 25 technique was susceptible to highly colored inter- 
always be a finite probability that the interference ference waveforms and, in particular, to CW inter- 
alone will exceed the threshold requirements giving rise ference waveforms. Depending on the relative frequeh- 
to a false alarm. The false alarm probability and the c ies and bandwidths of the signal and interference, this 
probability of detection of the signal are both depen- susceptibility isin the form oflowered detection proba- 
dent on the threshold settings and are thus, for a given 30 bility and increased false alarm probability of a 
system, completely interdependent In general, decrease in both the detection and false alarm proba- 
threshold settings are determined by the maximum bilities. 

tolerable false alarm probability and the resulting A tent - mued to a m. Kirkpatrick, U.S. Pat No. 
probability of detection accepted as the best attainable 3(1 X2A52% a CCM technique which provides 

performance for the given system. 35 CFAR capability in the presence of a wider variety of 

In the presence of counternieasures, tiie background interference waveforms and, in particular, against high 
interference can have a wide variety of waveforms^ cdored interference waveforrns^uch asCWorpul^ 
well as a wide : range : of amplmjde Revels. A system with of coadnxioxss ^ ^ yeSm ^ Kirkpatrick technique 
fbced thresholds w,U be unable to maintam the false does not provide ^ enchancement but is com- 
alarm probability at the tolerable level unless some 40 . JmJ£~La~~ „„^™„ n ^ ■ 

means is provided for normalizing the input inter- P^^LT* puls f ^r^on *y**™> and, in fact, 
ference to the level for which mTtoesholds were set ****** successfully applies to a system employing a 
aJS • t \. rorwmcnine mresnoio^ were set u frequency modulated pulse (CHIRP). The 
AGC circuitry has been proven inadequate for this pur- „ "J • _ 77^. H *f. \ ^ * 
pose in the countermeasures enviSent where the in- J^TS?" " " SFST*?* ^> ue ? ^ 
terfbrence may have a wide variety of spectral charac- 45 <*f* m this patent which provides fisher signd 
teristicsoveraperiodoftime. enhancement withoutloss of CFAR capability and with 

A desirable system characteristic would be the main- "** "l creas f » ^FAR r*rforrnance possible by 
tenance of a constant false alarm rate (at the minimum meansof an adaptive feature of the invention, 
tolerable level) for all interference waveforms at all SUMMARY OF THE INVENTION 

amplitude levels. In general, this is not attainable. An 50 

acceptable system characteristic is the maintenance of In the present invention a CCM matched filter circuit 
a constant false alarm rate for all amplitude levels of a 18 P laced m *ne transmit receive (T-R) switch circuit of 
given interference waveform and a limited variation in an echo ranging system, such as a radar or sonar 
false alarm rate for a wide variety of interference system, so that the transmitted signals and the received 
waveforms. When the false alarm rate for a wide 55 signals pass through the same filter circuit The input to 
variety of interference waveforms (at all anticipated tne matched filter has a wide band filter to allow a 
amplitude levels) can be maintained between pre- predetermined bank of frequencies through and these 
established limits, the system will be said to exhibit con- frequencies are split into several channels by a plurality 
trolled false alarm rate (CFAR). of narrow band filters. The output of each of the nar- 

Given a maximum false alarm probability which will 60 row band filters is passed through a phase shifter to 
be assumed to be controllable, the problem then phase code and decode the narrow bands of frequen- 
becoraes one of establishing and evaluating the best cies and then hard limited to establish thresholds of the 
receiver configuration in the countermeasures environ- signal to unify signal amplitudes. All of the channeled 
ment The best receiver is assumed to be the one which ^ frequencies are summed or added and the output of the 
provides the highest probability of detection for a given adder applied through a band pass filter of the same 
signal-to-interference ratio. An alternate definition of band as the wide band filter to the T-R switch. Trahs- 
the best receiver is that receiver which requires the mitted signals are passed through a comparator or hard 
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limiter and a gate to the transmitter antenna while the polarity by 1 80° phase shift The purpose of thes phase 

received signals are passed through a single linear shifters 30-32-34 is to provide the syst m designer 

matched filter to the point of use, such as a display with a means of phase coding to adjust the system per- 

device. The phase shifters in the matched filter circuit formance to th environment of the sonar or the radar 

provide the means to phase code the transmitted 5 system as most desirable. 

signals which phase decode th received orech signals Hie outputs f the bank of phase shifters 30-32-34 

in like manner. Accordingly, it is a general object of are fed individually to a bank of comparators or hard 

this invention to provide a CCM matched filter circuit limiters 40 42 44. A comparator is a two. state device 

capable of splitting a wide band frequency signal into a whose output voltage is either plus or minus some value 

plurality of narrow band frequency signals, phase code 10 of voltage V depending on the polarity of the input 

and decode these narrow band signals, hard limit these waveform, as well understood by those skilled in the 

signals, and sum the hard limited and coded signals to art. In theory the performance of a comparator and an 

normalize the transmitted and received echo signals for ideal hard limiter are identical. Accordingly, the 

higher resolution target detection without loss of limiters 40-42-44 each limit the narrow band frequen- 

CFAR capabilities. cy in either its zero or 180° phase condition in their 

BRIEF DESCRIPTION OF THE DRAWING tt^SffJSS^ ** " ** 

These and other objects, advantages, and features The outputs of the comparator-limiter 40 4 2 44 are 
will become more apparent to those skilled in the art as 20 then su nuned in an adder circuit 50 of any well known 
a more detailed description proceeds when considered construction and the sum produced on the output 51. 
along with the accompanying drawing in which: Since the output of each limiter or comparator 

FIG. 1 is a block circuit schematic of the CCM 40-42-44 is either plus or minus V, the output 51 volt- 
matched filter of this invention; and age from the adder 50 is restricted to the range plus or 

FIG. 2 provides traces of the waveforms appearing at 25 minus NV where N is the number of narrow band chan- 
various points in FIG. 1 . nels. The output 51 of the adder 50 is passed through a 

DESCRIPTION OF THE PREFERRFD ^ fi,tCr 52 ' band **** B ° f which is 
UtSCRimONOF^PREFERRED same as the band width of the wide band filter 15. The 
fcMBUDlMfcNT output of ^ band pass mt&T 52 is applied to the 
Referring more particularly to FIG. 1 an impulse 30 second section 13B of the T-R switch and in its transmit 
generator 10 triggered by sync pulses from a source 11 switch position is passed through a comparator or hard 
generates short pulses on the output 12, the time dura- limiter 54, thence through gate 55 to an output 56 
tion of which is short compared to the impulse response which is adapted to be coupled to the transmitter an- 
of a wide band filter ( WBFI) to which these pulses are tenna or transducer. The gate circuit 55 is gated by a 
applied through a transmit-receive switch (T-R) switch gate pulse from the impulse generator 10 by way of a 
13 A. The receiver terminal 14 of the T-R switch 13 A is conductor means 16. The output of band pass filter 52 
coupled to the output of a sensor (not shown) such as a is hard limited in 54 to produce a waveform which va- 
sonar transducer or radar antenna. The output of the ries in time between two voltage stated Vj depending 
wide band filter 15 is approximately its impulse 40 on the polarity of the waveform out of band pass filter 
response and is a small central portion of the Sin X/X 52. This two state waveform is time gated by the gate 
envelope which is fed simultaneously to a bank of nar- circuit 55 in accordance with the triggers applied 
row band filters 20-22-24, represented herein by thereto over the conductors 16 from input pulse 
frequencies fx- Btp, ft* But, /nSBni* which represent generator 10. If the frequency separation between all 
a bank of narrow ba nd filters of any d esirable 45 adjacent channels is the same and the gate time dura- 
number between 20 and 22 and between 22 and 24. tion set as an integral multiple of this frequency separa- 
The total frequency span of these narrow band filters tion, the gated waveform is used directly as the trans- 
should span the band B of the wide band filter 15 mitted waveform. Otherwise, the gated waveform, 
although they may not necessarily cover the band. That which may be digitally represented, is time reversed 
is, the narrow band filters 20-22-24 may be contiguous SO and the result used as the transmitted waveform, 
or have frequency gaps between adjacent filters. Non- The T-R switch 13A.13B switches alternately in 
contiguous narrow band filters are desirable in a sonar unison after each transmitted pulse from the transmit 
application to reduce the effects of reverberation. In position to the receive position electronically, as is well 
any application the CCM matched filter theoretical understood in the operation of sonar and radar ranging 
performance improves as the number of narrow band 55 devices. In the receive positions of the T-R switch 
filters is increased. In practice, a compromise will be 13A.13B interference alone or signal plus interference 
required between the number of narrow band filters is applied over the input conductor 14 to the T-R 
and the frequency gaps between filters based upon the switch 13A which proceeds through the wide band 
maximum practical band width B of the input wide filter 15 and on to the system of narrow band frequency 
band filter 15 and the minimum practical band width of 6 ^ channels in the same manner as impulses from the 
the narrow band filters. generator 10 in the transmit position. In the receive 
The outputs of the narrow band filters 20-22-24 are position of the T-R switch 13B the output of the band 
fed individually to a bank of two-state phase shifters pass filter 52 is conducted through a linear matched 
30-32-34 which provide either 0° phase shift or 1 80° of filter 57 to a utilization circuit 58 illustrated herein by 
phase shift selected by the switch means 35, 37, and 39. block which may be of any type such as a cathode ray 
Thus the phase shifters either pass the narrow band tube indicator. Since the received signal is, by virtue of 
filter outputs unaltered (0° phase shift) or inverts their symmetry or reversal, a time reverse of the impulse 
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response of the system, the system is matched to the 
signal waveform in the sense that its response to the 
signal exceeds its response to any other wavef rm. It is 
not a matched filter in a conventional sense of the word 
due to the nonlinearities n both transmit and receive 
functi ns. Since the narrow band filter channels do not 
overlap, the voltages V out of the channel limiters 
40-42-44 are independent. Therefore, with inter- 
ference only at the input to the system, the limiter volt- 
ages add noncoherently and the root mean square 
(RMS) noise power out of the adder 50 is proportional 
to NV* where N is the number of channels and V is the 
limiter output voltage level. If the input to the system 
consists of signal alone, the voltage output of the 
limiters 40-42-44 will add coherently and produce a 
peak power proportional to (NV) 2 . Thus, the maximum 
attainable signal-to-interference ratio will be propor- 
tional to the number of channels N. 

OPERATION 

In the operation of the OCM matched filter illus- 
trated in block in FIG. 1 with reference to the traces of 
FIG. 2, let it first be assumed that the T-R switches 
13A,13B are in the transmit position as shown in FIG. 
1. In this switched position a sync pulse will trigger the 
impulse generator 10 to start a time base running as il- 
lustrated in trace number 7 of FIG. 2 (not illustrative of 

any circuit results). The impulse generator 10 will _ 

produce a pulse of frequencies having an envelope of 30 CCM matched filter. 



traces in FIG. 2 which were made (luring singulation 
tests f r information purposes which d not represent 
waveforms at any point in the circuit of FIG, 1 are trace 
number 3 which is the limited output of adder 50 in the 
receive mode and trace number 5 which is the limited 
output of wide band filter 52. The receive signals will 
be pulse compressed. Since interference signal powers 
will add noncoherently as NV 3 and target signal powers 
will add coherently by (NV) 8 a target signal win be very 
pronounced while interference or countermeasure 
signals will be suppressed in the signal-tc-interference 
ratio proportional to the number N. The phase coding 
and decoding of the transmitted and received signals 
15 operate to provide the best CFAR performance to the 
environment anticipated. For this CCM matched filter 
there is no necessity to maintain a linear phase function 
over the entire frequency band B of the filter bank 
although it may be desirable to maintain linear phase 
20 over each individual channel. The functioning of the 
CCM matched filter herein described provides excel- 
lent signal-to-interference noise ration in adapting its 
interference performance to the anticipated environ- 
ment and the subsequent definition and generation of a 
25 transmitted signal based on the anticipated environ- 
ment by the selected coding of the phase shifter 
30-32-34 to the 0° or 180° phase conditions by 
switches 35-37-39. In this way the environment 
establishes the parameters of the above-described 



40 



the center of Sin X/X which will be conducted through 
the wide band filter 15 and the several channels to the 
adder circuit 50. The output of the adder 50 would be 
the sum of the frequencies of the narrow band channel 
filters 20-22-24 plus higher order harmonics generated 
by the hard limiters 40-42-44. The output of band pass 
filter 52 would be hard limited, time reversed and 
transmitted by way of gate 55 with the waveform as 
shown in trace number 6. This waveform was obtained 
by recording the gate output and then reversing the 
tape developed therefrom to provide a transmit 
waveform. This transmitted impulse of frequency 
would be coded in accordance with the setting of the 
switches 35-37-39 in the phase shifters 30-32-34 in 45 
accordance with the desired phase coding for the en- 
vironment in which the sonar or radar system is operat- 
ing. This trace, trace number 6, with wide band noise 
added to simulate interference, echoed back and 
received via 14 produces the signal plus wide band 50 
noise interference as shown in trace number 1. 

After transmission the T-R switches 13A,13B will be 
switched to the receive mode, as well understood by 
those skilled in the sonar and radar range art, to receive 
an echo signal of the transmitted signal as shown by 55 
trace 1 with wide band noise added to simulate inter- 
ference. The received signal will be conducted through 
the wide band filter 15 and through the several filter 
channels to the adder circuit 50. Since the transmitted 
signal was coded, this reflected coded echo signal will 
be decoded by the phase shifts 30-32-34. The output 
of the adder circuit 50, as shown by trace 2, will be con- 
ducted through the wide band filter 52, as shown by 
trace 4, and through the linear matched filter 57 to the 
utilizau' n circuit such as a cathode ray tube display to 
indicate whether the target object is real and not a tar- 
get object caused by countermeasure. Additional 



While many modifications may be made in the con- 
structional details without departing from the preferred 
embodiment shown herein to acquire similar results 
35 and functions, I desire to be limited in the spirit of my 
invention only by the scope of the appended claims. 
I claim: 

1. A counter-countermeasure matched filter circuit 
comprising: 

an input of frequency signals from a T-R switch cou- 
pled for alternate switching to a transmitter pulse 
generator and to a receiver output; 
a wide band filter in said input to pass frequency 
signals in a predetermined band of frequencies to 
an output thereof; 
a plurality of narrow band filters coupled in common 
to the wide band filter output and each having an 
output; 

a two state phase shifter coupled to the output of 
each narrow band filter for selectively shifting the 
phase of each narrow band of frequency 0° and 
180° on an output thereof providing phase coding 
and decoding of said wide band of frequencies; 
a limiter coupled to the output of each narrow band 
filter to limit the amplitude of the narrow band 
frequency on an output thereof, 
an adder network having inputs coupled to the out- 
puts of said limiters to sum the narrow band 
frequency signals into a wide band of frequencies 
coextensive in bandwidth to said wide band filter 
on an output thereof, each circuited narrow band 
filter, phase shifter, hard limiter, and adder net- 
work providing narrow band filter channels; and 
a band pass filter coupled to th utput of said adder 
circuit to filter out harmonics produced by the ad- 
dition of said narrow bands of frequencies with an 
output coupled through said T-R switch to switch 
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. . ■ : for transmission and reception, .said; switch; for : 
- transmission being through a hard li miter and gate • ■ 
: and said switch for reception being through a '■" 
: : linear : matched; filter to a : point of use whereby = . 

transmitted frequency signals: are phase! coded in 5 
: : said plurality of narrow band filters in a plurality of 
. : narrow, frequency bands and :the= received echo . ; . 
signals are phase decoded in said plurality of nar- ' ■ 
■ : ; : ; row : band filters ■ to eliminate false alarms and 

countermeasure : signals not conforming to the \° 
: ; frequency coded signals. 

: : 2. ; A' counter-countermeasure .matched filter circuit 
as set forth in claim 1 wherein : 
said T-R switch in one switched condition couples 
; : ; said . pulse generator : output = through said = filter l 5 



8 



channels* through said hard limiter, and through' 
said gate for phase axled transmission of pulses, 
and in the other switched condition' coupled the : 
receiver through said filter channels f r phase 
decoding the echo : pulses and through the linear 
matched filter for target echo use. - : ■ : 
3i A counter-countermeasure matched filter circuit 
set forth in claim 2 wherein 
said plurality of narrow band filters have separate ad- 
: jacentiianpw frequency ban^ 
= cy limits of said wide band filter, said narrow : 
frequency bands ranging from contiguous to non- 
: contiguous gaps ■ in frequency therebetween, to 
control the effects of reverberation; 
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ABSTRACT 



A transmission system which transmits first and sec- 
ond frequency signals separated by a difference fre- 
quency to a moving target which reflects or scatters 
the Doppler-shifted signals as respective third and 
fourth signals which are separated in frequency sub- 
stantially by the difference signal. The third and fourth 
signals are heterodyned in a receiver with a local oscil- 
lator, and the output of the heterodyne stage is con- 
nected to a filter which passes preselected ones of the 
heterodyned signals to a non-linear device. The non- 
linear device produces a signal in response to the pre- 
selected signals, the frequency of which is substan- 
tially equal to the difference frequency. The transmis- 
sion may be directly to a receiver for communicating 
so that the Doppler shift occurs primarily because of 
relative movement between the transmitter and re- 
ceiver. The receiver may also be used separately for 
detection of Doppler-shifted multiple signals radiated 
by remote or local excited species in order to detect 
and identify the excited species. 

22 Claims, 2 Drawing Figures 
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MULTI-FREQUENCY OPTIMUM HETERODYNE 
SYSTEM 

This is a continuation of application Ser. No. 0697 1 8, 
filed Sept. 4, 1972. 

This invention relates generally to a system which is 
ideally suited for use as an acquisition or a tracking 
radar or communication system, and to detect and 
identify a source of remotely or locally emitted weak 
signals. 

It is a well known fact in radar technology that when 
a target to be detected or monitored is moving with re- 
spect to the radar receiver, the signal reflected or scat- 
tered from the target will be shifted in frequency due 
to the Doppler effect. Moreover, this so-called Doppler 
shift is related to velocity. Accordingly, when the ve- 
locity of the target is known the Doppler frequency 
shift can be easily calculated. Accordingly, the receiver 
may then be turned to the frequency shifted signal to 
increase the sensitivity of the system. However, a major 
problem is presented when the target velocity is un- 
known which, in tum, places a severe limitation on 
presently available acquisition and tracing radar sys- 
tems. 

To be more specific, when the velocity of the target 
is unknown, as is the case with most target detecting 
systems, the Doppler shift in frequency of the reflected 
signal cannot be calculated. In order to compensate for 
the unknown frequency shift, the receiver circuits are 
usually made broadband so that they can accommodate 
signals having frequencies which fall into a large band. 
However, increasing the bandwidth of the receiver cir- 
cuits also increases the amount of noise signals which 
can pass through the receiver to the final output stages. 
Consequently, in practice it has been found that these 
noise signals may actually mask the information signals 
thereby causing the system to produce erroneous or 
null results. Hence, these systems are inherently subject 
to unreliable and inaccurate results. 

Many solutions have been proposed to ameliorate the 
above problem but each solution has an inherent draw- 
back. For example, one such solution is to use a narrow 
band receiver and heterodyne the received signal of un- 
known frequency with a local oscillator the frequency 
of which continuously varies. The theory behind this 
system is that at one point the received and local signals 
will mix to provide an intermediate signal which will 
pass through the receiver circuits. A similar system in- 
cludes a relatively narrow bandpass filter in the re- 
ceiver chain, the passband of which is varied. However, 
all of these systems are extremely inaccurate, particu- 
larly when they are utilized in acquisition radar 
schemes. Thus, since the system is scanning in both 
space and frequency tuning within the receiver, the sig- 
nal indicating the target may be missed completely. 

Accordingly, an object of the present invention is to 
provide an improved transmission system. 

A more specific object of this aspect of the invention 
is to provide a transmission system which is specifically 
adapted for use as a radar acquisition or tracking sys- 
tem. 

Another object of the invention is the provision of a 
transmission system which permits the continuous 
seeking and/or monitoring of a target regardless of 
Doppler shifts. 

Another object of the invention is the provision of a 
transmission system which substantially eliminates the 
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need for a stable local oscillator or the frequency scan- 
ning of the same or other circuit elements thereby re- 
ducing both the cost and the complexity of the associ- 
ated circuitry. 

5 A further disadvantage associated with presently 
known radar systems of the type described above arises 
even in those cases where the velocity of the target is 
known. To be more specific, as the radar system sweeps 
through an angle as it tracks a target the component of 

10 the velocity detected by the radar system continuously 
changes. Thus, the frequency shift of the reflected sig- 
nal due to the Doppler effect likewise continuously va- 
ries and may fall out of the receiver passband. Such sys- 
tems are designated angle dependent systems. 

15 Accordingly, another object of the- present invention 
is the provision of a transmission system which is angle 
independent even when utilized as a tracking radar sys- 
tem. 

The Doppler effect occurs whenever one body is 

20 moving with respect to another. Thus, signals passing 
between a transmitter and a receiver will be shifted in 
frequency if either one or both elements of the system 
are in motion. Thus, in rocketship-to-rocketship com- 
munication systems, for example, the signals may be so 

25 shifted in frequency due to the velocities of the rocket- 
ships that the received signal may fall outside the pass- 
band of the receiver. The receiver may, of course, be 
tuned so that it will receive a wide band of frequencies; 
however, this solution produces problems similar to 

30 those described above with respect to widening the 
bandwidth of a radar receiver. 

Accordingly, a further object of the invention is to 
provide a transmission system which insures the accu- 
rate retrieval of information from a transmitted signal 

35 regardless of movement of the transmitter and/or the 
receiver. 

A more specific object of this aspect of the invention 
is to provide a high efficient and effective communica- 
tion system which is operable to extract information 

40 modulated on a transmitted signal regardless of Dop- 
pler frequency shifts which occur in the system. 

Accordingly, a transmission system constructed ac- 
cording to one aspect of the invention comprises trans- 
mission means for transmitting first and second fre- 

45 quency signals which are separated by a difference fre- 
quency whereby said first and second frequency signals 
may be received as respective third and fourth fre- 
quency signals which are separated substantially by the 
difference frequency. A receiver is provided which in- 

50 eludes mixing means for mixing the third and fourth 
signals with a nonvaried fifth frequency signal to pro- 
duce a plurality of mixed signals at least some of which 
are separated by the difference frequency. Filter means 
is connected to the mixing means for passing prese- 
lected ones of the plurality of mixed signals which are 
separated by the difference frequency. Detecting 
means is responsive to the preselected ones of the 
mixed signals for producing an output signal having a 

fi0 frequency related to the difference frequency. The 
nonvaried fifth frequency signal is preferably produced 
by a strong local oscillator. 

In accordance with another aspect of the invention, 
the receiving system may be used separately for the im- 

6S proved passive emission detection of weak signals ei- 
ther emitted spontaneously (or stimulated by exposure 
to light, electrons, or other waves or particles) by an 
atom, molecule, collection of atoms, collection of mol- 
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ecules, liquid, gas, solid, or plasma. In this case, the two As noted above, the signals f x and f 2 are transmitted 

or more frequencies emitted and their difference fre- to a target 14. Under normal circumstances, the target 
quency or frequencies may be unique to the source of 14 which may, for example, be a satellite, an airplane, 

radiation (which acts as the transmitter) enabling the an astronomical body, or the like is moving and the sig- 

final bandpass filter in the receiver to be tuned to a 5 nals impinging on the target 14 and being reflected or 

naturally-occurring difference frequency, providing scattered therefrom will be shifted in frequency due to 

near-optimum detectability for the species being de- Doppler effects. In addition to frequency shifts due to 

tected. Examples of use in this mode include the deter- the velocity of the target, it should be noted that the 

mination of the existence and the measurement of dis- signals may also be broadened in frequency due to the 

tant (including atmospheric and extraterrestrial) spe- 10 scattering of the signals. Accordingly, after reflection 

cies, including pollutants. Using the receiving system, or scattering, the signal f\ will have a frequency/} and 

detectability is unaffected by the Doppler shift caused the signal f z after reflection or scattering will have the 

by the gross and relative motion of these species. In the frequency f 4 . However, as noted in greater detail below, 

prior system, the unknown Doppler shifts due to both the difference in frequency between the signals / 3 and 

the gross and relative motion of such species (e.g. ga- IS f 4 will be substantially equal to the difference frequency 

lactic nebulae or smokestack effluent) generally re- A /. 

duced the detectability enormously. The signals / 3 and/4 are received by a receiving appa- 

Other features and advantages of the present inven- ratus designated generally by the reference numeral 16. 

tion will become more apparent from a consideration The receiving apparatus or receiver 16 includes a mixer 

of the following detailed description when taken in 20 or mixing stage 18 to which the signals / 3 and f 4 are ap- 

conjunction with the accompanying drawing, in which: plied. It is to be understood that the stage 18 may in- 

FIG. 1 is a schematic circuit diagram, in block form, elude a photodetector or other detector of electromag- 

of a transmission system constructed according to the netic radiation as well as amplifiers for amplifying the 

present invention and whose receiving portion may be received signals. A local oscillator 20 applies a signal 

used separately for passive emission detection; and 25 f L to the mixer 18. The mixer 18 is operable to mix 

FIG. 2 is a schematic circuit diagram, in block form, three signals together. That is, the mixer 18 is operable 

of a modified embodiment of a transmission system to mix the signal /jr from the local oscillator 20 with the 

constructed according to the present invention wherein received signals / 3 and /< to produce a plurality of sig- 

modulated information may be transmitted from a nals which may include sum and difference frequency 

transmitter to a receiver. 30 signals as well as intermodulation signals. 

In one sense, the system of the present invention is In practice, where a carbon dioxide or other infrared 

operable to transmit two signals which are separated by or optical laser is used as the source of the signals, the 

a difference frequency to a target. The two signals mixer will usually produce only difference frequency 

which are reflected or scattered from the target and components and a dc component and not sum fre- 

which may be shifted in frequency due to Doppler ef- 35 quency and double-frequency components. Addition- 

fects are received by a receiving apparatus which is op- ally, it is desirable to provide a relatively strong local 

erable to extract a signal having the difference fre- oscillator signal f L so that the signal-to-noise ratio is 

quency, or substantially the difference frequency de- maximized, in which case the signal of frequency f r U 

pending on the velocity of the target, from the received will be relatively weak. However, these examples are 

signals. Hence, the presence of this extracted signal in- 40 for illustrative purposes only and are not to be inter- 

dicates that the target is, in fact, present and may be preted as being a limitation on the present invention, 

continuously monitored. The output terminals of the mixer 18 are connected 

In another sense the receiving system may be used to a bandpass filter 22 through a blocking or coupling 

separately for passive emission detection. capacitor 24 which blocks the DC component of the 

More specifically, a transmission system constructed mixed signals produced by the mixer 18. 
according to the present invention is designated gener- The passband of the filter 22 is chosen so that only 
ally by the reference numeral 10 in FIG. 1 and includes the difference frequencies in the band of frequencies 
a transmitter 12. The transmitter 12 is a so-called two- under consideration will appear at the output terminals 
frequency transmitter and transmits two signals at fre- thereof. That is, the passband of filter 22 is selected to 
quencies /, and/ 8 . (For ease of reference, these signals be narrow to reduce the amount of noise which may 
will be referred to as signals f t and / 2 and the reflected pass through the filter. However, the filter, although 
signals, which are frequencies / 3 and f 4f will similarly be limiting noise, still is of sufficient width to pass the dif- 
referred to as signals / 3 and f 4 . ) The transmitted signals ference signals produced by the mixer 18. Hence, in the 
/, and ft are separated by a difference frequency A / 55 example under consideration, the signals appearing at 
The signals f x and f% may be optical, infrared, or micro- the output terminals of the bandpass filter will corn- 
wave frequency signals and the only design limitation prise a signal having the frequency (fa -ft.) and a signal 
on the transmitter 12 is that the difference frequency having the frequency (f 4 -f L )> Since the signals / 3 and 
A / remains substantially constant albeit the actual fre- f 4 were substantially separated by the difference fre- 
quency of the signals may drift somewhat. This limita- 60 quency A/, it is obvious that the signals (fi-f L ) and (f 4 
tion is easily achieved if the transmitter is a two-mode - f L ) will similarly be substantially separated by the dif- 
laser since the modes tend to drift together thereby ference frequency A/. 

keeping the difference frequency A/ constant. A practi- The signals appearing at the output terminals of the 

cal laser which has these properties is a carbon dioxide bandpass filter 22 are applied to a non-linear device 26. 

laser. However, this example is not to be considered as 65 The non-linear device 26 is operable to produce a sig- 

being a limitation of the present invention since any nal having a component at the difference frequency A 

type of transmitter which maintains the difference fre- /. That is, the cross product of the input signals (/i -f L ) 

quency substantially constant may be utilized. and (f 4 -/J will produce a signal at the output whose 
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peak is centered at substantially the frequency A /. One 
such non-Hnear device may be a square-law device. 
However, it is emphasized that this is by way of illustra- 
tion only and is not to be interpreted as being a limita- 
tion on the present invention. That is, similar results 
would be expected with any linear device such as a 
non-linear linear device in place of the square-law de- 
vice. 

The output terminals of the non-linear device 26 are 
connected to a bandpass filter 28 which has a relatively 
narrow passband centered near or about the difference 
frequency A /. Accordingly, the signal appearing on a 
lead 30 which is connected to the output terminals of 
the filter 28 will have a frequency very close or equal 
to A /. This signal may then be applied to appropriate 
indicating or processing circuitry to indicate the pres- 
ence of the detected signal. 

Summarizing the operation of the above system, the 
transmitted signals which are substantially separated by 
a difference frequency A /are received by the receiver 
16 and are heterodyned by a mixer 18 in conjunction 
with a local oscillator 20 to produce difference signals. 
These difference signals are applied to a non-linear de- 
vice which produces a signal at substantially the fre- 
quency A f. The signals are applied to a bandpass filter 
which passes the signal having substantially the fre- 
quency A f and applies the same to appropriate indicat- 
ing circuitry. Accordingly, a system has been described 
which permits facilitated acquisition and continuous 
monitoring of a target and which eliminates the need 
for high-frequency electronics and their attendant dis- 
advantages, in view of the fact that a low-frequency sig- 
nal very close to A f is processed by indicating circuitry 
and the like rather than higher frequency signals. This 
system provides an ease in impedance matching as well 
as a high signal-to-noise ratio and a low 
minimum-detectable-power. 

Alternatively, the receiving apparatus 16 may be 
used separately for passive emission detection. 

Another advantage of the present system is that the 
bandwidth of the system can be extended over a greater 
range than conventional radar systems. That is, the 
final indicating circuit is still tuned to substantially the 
frequency A / even though the bandwidth of the band- 
pass filter 22 may be increased. Additionally, the pres- 
ent system eliminates the need for the electronic tuning 
of frequency sensitive circuits and their attendant cost 
and complexity. 

As noted above, it has been assumed that the fre- 
quency difference between signals / 3 and/ 4 is substan- 
tially equal to the frequency difference A/between sig- 
nals fx and f t . To put this another way, it has been as- 
sumed that the frequency difference A / after undergo- 
. ing a Doppler shift (i.e., the difference between signals 
/ 3 and/ 4 ) is substantially equal to the difference A/be- 
fore such Doppler shift (i.e., the difference between 
signals/! and/,). To put this still another way, it has 
been assumed that the difference between the Doppler 
shifted difference signal and the difference signal be- 
fore Doppler shift is zero. Thus, consider an example 
utilizing a carbon dioxide laser radar operating at 10.6 
mm in the infrared region. Assuming that a difference 
frequency A/is chosen with a value of 1 MHz and that 
the target is a satellite having a 1 meter radius with a 
rotation rate of 1 rpm, and a radial velocity of approxi- 
mately 10 km/sec; then, the Doppler frequency will be 
equal to approximately 2 GHz. Utilizing these quanti- 
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ties, calculations show that the difference between the 
Doppler shifted difference frequencies / 3 and /< and the 
difference A /between the transmitted signals f x and f% 
is approximately equal to 60 Hz. This is a very small 

5 shift and justifies the assumption that the difference 
frequency between signals / 3 and f 4 is substantially 
equal to the difference frequency between signals f t 
and / s . (For more detailed analysis of this calculation, 
the reader is referred to the article: Three-Frequency 

10 Heterodyne System for Acquisition and Tracking of 
Radar and Communications Signals, by the inventor, 
which appears in Volume 1 5, Number 12 of the Applied 
Physics Letters of Dec. 15, 1969, pages 420-423, 
hereby incorporated by reference.) 

15 The transmission system of FIG. 1 may also be uti- 
lized to eliminate clutter from the received signal. That 
is, where it is desired to seek or track a moving target, 
stationary objects may produce signals or "clutter 1 1 
which may mask the desired signals. Accordingly, in 

20 order to eliminate such clutter a notch filter 31 is pro- 
vided which is connected to the output terminals of the 
bandpass filter 28. The output terminals of the filter 31 
are connected to the appropriate indicating circuitry. 
The notch filter is tuned precisely to the known differ- 

25 ence frequency A / and has an extremely sharp charac- 
teristic so that only signals at the frequency A / will be 
attenuated by the filter. 

In operation, if the radar signal is reflected or scat- 
tered from a stationary object it will not undergo any 

30 Doppler shift and, accordingly, the filter 28 output sig- 
nal will be exactly equal to A/. However, this signal will 
be attenuated by the filter 31. On the other hand, if the 
signal is reflected or scattered from a moving target, 
the signal appearing at the output terminals of the 

35 bandpass filter 28 will be nearly but not exactly equal 
in frequency to A /. Thus, this latter signal will pass 
through the notch filter 31 to indicate the moving tar- 
get. 

Accordingly, the transmission system of the present 
40 invention accurately indicates a moving target in the 
presence of stationary objects. 

In conventional communication systems wherein in- 
formation modulated on a signal is transmitted to a re- 
ceiver, the transmitted signal may be Doppler shifted in 
45 frequency due to the movement of either the transmit- 
ter, the receiver, or both. Additionally, the signal may 
be shifted in frequency due to reflection or scattering 
of the signal from a moving target Thus, if the shifted 
frequency signal falls outside the passband of the re- 
ceiver, the information will be lost. Accordingly, FIG. 
2 illustrates a transmission system constructed accord- 
ing to the present invention which may be utilized as a 
communications system to transmit information from a 
55 transmitter to a receiver in the presence of Doppler 
shifts. 

While the embodiment of FIG. 2 illustrates the more 
complex case wherein the Doppler shift is produced by 
reflecting or scattering the signal from a moving target 

6Q as well as from motion of the transmitter and/or re- 
ceiver, it is to be noted that this is for illustrative pur- 
poses only. That is, in the simpler case the transmitter 
transmits directly to the receiver and the Doppler shift 
occurs only because of relative movement therebe- 

65 tween. 

More specifically, the communications system of 
FIG. 2 is designated generally by the reference numeral 
32 and includes transmitting apparatus 34. The appara- 
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tus 34 is adapted to transmit signals having frequencies scattering or atmospheric effects which, in effect, pro- 

/i and ft which are separated by a difference frequency duce a frequency broadening of each transmitted sig- 

A /. The transmitting apparatus may include a two- nal. Moreover, the receiving portion of the system of 

frequency laser of the type noted above or, alterna- FIG. 1 may be used separately for passive emission de- 
tively, two single-frequency lasers. Additionally, one of 5 tection. 

the frequency signals produced by the transmitting ap- While preferred embodiments of the invention have 

paratus 34 may be modulated in accordance with been shown and disclosed herein, it will be obvious that 

known modulating techniques so that, for example, the numerous omissions, changes and additions may be 

signal / 2 will carry information modulated thereon. ma de in such embodiments without departing from the 

Thus, as shown in FIG. 2, a source 33 of signals/, is 10 spirit and scope of the present invention, 

provided. Additionally, a source 35 of signals f 2 is pro- What is claimed is: 

vided which is modulated by a modulator 37. That is, LA transmission system comprising transmission 

only one of the transmitted signals is modulated. means for transmitting first and second frequency sig- 

The signals/, and/ 2 may be reflected from a mirror na | s separated by a difference frequency to a moving 
36 to a moving target 38. Of course, if transmission is 15 tar g e t whereby said first and second frequency signals 

directly to the receiver the mirror 36 may be elimi- may t> e received as respective third and fourth fre- 

nated. The signal reflected or scattered from the mov- quency signals which differ in frequency from said first 

ing target 38 will be shifted in frequency due to Dop- and seC ond frequency signals because of the Doppler 

pier shift and, accordingly, the signal/, will be returned effecl but which are separated by substantially said dif- 
as signal / 3 , and the modulated signal / 2 will be returned 20 ference f re q U ency, and receiving means for receiving 

as signal / 4 . In other words, the signal of frequency / 3 said Mrd and fourtn f reque ncy signals, said receiving 

will be the transmitted signal/, but shifted in frequency means compr ising local signal generation means for 

due to the Doppler shift and the signal of frequency / 4 generating a local signal at a nonvaried fifth frequency, 

will be the signal / 2 also shifted in frequency due to mixing means for mixing said third and fourth fre . 

Doppler effect. The returned signals / 3 and f 4 are re- 25 ^ ^ fifth frequency signal t0 pro . 

ceived by a receiver designated generally by the refer- duce a pluraljty of mixed signals i nc i udin g signals 

ence numeral 40. which are separated by substantially said difference fre- 

The receiver 40 includes a beamsplitter 42 through fiker means connected to said mixing means 

which the signals/3 and /« pass to the photodetector and for . pre selected ones of said plurality of mixed 

mixer <W. Associated with the mixer 44 is a local osc.l- 30 g ^ ^ ^ rf substantialI fiaid 

lator 46 which may comprise a single-frequency laser ence fr and detecti means responsive to said 

which produces a beam at a frequency >f L . The output [e< ? ied ones of ^ mixed signals for sroduc ing an 

signal of the oscillator 46 is reflected from the beam- H a reIated tQ ^ differ _ 

splitter 42 to the photodetector and mixer 44. The pho-N * freauencv 

todetector and mixer 44, similarly to the mixer 18, is 4 /" . . . . t . ... . , 

, . , , , . | j j * ce 2. A transmission system as m claim 1, in which said 

operab e to produce the sum, double, and difference / 4 , . 

f K r r ac in transmission means is a two-mode laser. 

frequency signals between / 3 , U and f L and intermoau- . . • i •„ i ..u^u j 

i *• • I ru ■ J if *u« A„: n :« 3. A transmission system as in claim 2, m which said 

lation signals. The remainder of the receiving chain in , . * • j r- * j 

. f . A . . ^ . . # . * * ^.g- laser is a carbon dioxide laser operating at said first and 

the receiver 40 is similar to the chain in the receiver 16. r e 

That is, connected to the mixer 44 is a series circuit 40 ac « , nd frequencies. 

comprising the capacitor 24, bandpass filter 22, non- 4 - A transmission system comprising transmission 

linear device 26 and a bandpass filter 28 which is cen- for transmitting first and second frequency s.g. 

tered at the difference frequency A/. The output signal nals separated by a difference frequency to a moving 

from the bandpass filter 28 is applied to a demodulator a £ target whereby saiad first and second frequency signals 

48 which demodulates the information carried by the 45 ™y be received as respective third and fourth fre- 

signal of center frequency substantially equal to A/ so q uenc V s 'S nals which dlffer m frequency from said first 

that the information impressed on the original wave- and second frequency signals becuse of the Doppler ef- 

form may be retrieved. fect but wmch are separated by substantially said dif- 

The operation of the system of FIG. 2 is similar to the ' ference frequency, and receiving means for receiving 

operation of the system of FIG. 1 described above, with 50 ™<* third and fourth frequency signals, said receiving 

the exception that the signal /, is modulated, as noted means comprising local signal generation means for 

above. The non-linear device 26 in the apparatus of generating a local signal at a fifth frequency, which 

FIG. 2 produces a component centered substantially at local signal is substantially stronger than said received 

the frequency A /. This frequency signal is applied third and fourth frequency signals, mixing means for 

through the bandpass filter 28 to the demodulator 48. 33 mixing said third and fourth frequency signals with said 

By modulating only one of the original signals / 2 , the substantially stronger fifth frequency signal to produce 

signal by signal component reaching the demodulator a plurality of mixed signals including signals which are 

48 through the bandpass filter 28 results from the con- separated by substantially said difference frequency 

volution of a delta-function (at frequency/,) with the fi0 and are substantially stronger than signals produced by 

modulated signal (centered at / 2 ), and is simply the mixing together said third and fourth frequency signals, 

original modulated information. filter means connected to said muting means for passing 

Accordingly, the above described communications preselected ones of said plurality of mixed signals 

system is operable to directly retrieve information from which are separated by substantially said difference fre- 

a modulated signal regardless of frequency shifts due to 65 quency, and detecting means principally responsive to 

Doppler effects. the substantially stronger of said preselected ones of 

It is also to be noted that the systems of FIG. 1 and said mixed signals for producing an output signal hav- 

FIG. 2 also produce accurate results in the presence of ing a frequency related to said difference frequency. 
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5. A transmission system as in claim 4, in which said ' and fourth frequency signals which are separated by a 
filter means comprises a bandpass filter having a pass- second difference frequency which is slightly different 
band which encompasses signals having frequencies from said first difference frequency, and receiving 
equal to said fourth frequency minus said fifth fre- . means for receiving said signals, said receiving means 
quency and said third frequency minus said fifth fre- 5 comprising means for detecting a signal only having a 
quency. frequency exactly equal to said, second difference fre- 

6. A transmission system as in claim 5, in which said quency. 

detecting means comprises a non-linear device re- 16. A signal detection system for detecting a signal 

sponse to said preselected ones of said mixed signals for source which produces first and second frequency sig- 

producing a signal having a frequency substantially 10 nals separated by a first difference frequency which are 

equal to said difference frequency, and a filter con- received at a signal receiving position as respective 

nected to said non-linear device for passing said signal t hi r d and fourth frequency signals which differ in fre- 

having a frequency substantially equal to said differ- quency from said first and second frequency signals be- 

ence frequency. cause of Doppler effect caused by relative motion be- 

7. A transmission system as in claim 6, in which said 15 tween ^ signal source an d s jgn a i detecting position 
non-linear device comprises a square-law device. and wh i c h are separated by a second difference fre- 

8. A transmission system as in claim 1, in which said quency substantially equal to said first difference fre- 
transmission means includes a modulator for modulat- quency> signaJ det ection system comprising receiv- 
ing said first frequency signal with preselected informa- ing means at ^ ^ receiving po sition for recei vjng 
turn, and said detecting means comprises a non-linear 20 ^ third ^ fourth fr si ^ ^ ^ ^ 
device responsive to said preselected ones of said eration means for gen erattng a local signal at a non- 
mixed signals for producing a signal having a frequency varied fifth frequencV) mixing means for mixing said 
substantially equal to said difference frequency and ^ and fourth fr si als with ^ flfth fre . 
having said information modulated thereon, a filter si ^ to duce a , urali of mixed gi ls 
connected to said non-lmear device ; having a passband 25 indudi mixed ^ ]s which m s ated b sub . 
which encompasses said sign* produced by said non- sajd difference freqiiencVf non -linear 
linear device and a demodulator connected to said fil- f ^ to said mbd ^ ^ ^ 
ter for demodulating the signal passed by said filter h frequency equal to 

9. A transmission system as in claim 1, and filter ^ second 4 f filter means, respon- 
means connected to said detecting means for attenuat- -* u . . . . nnn ,. ~* o Un -„ „ *™,L«r :„ 

. • • i i_ • r -i i * sive to said non-linear means, having a bandpass in- 

me those signals having a frequency precisely equal to ... . . . \ 6 - r . 

*u • c u *. • j ~ ' j eluding said second difference frequency for passing a 

the difference in frequency between said first and sec- . * r ■ * -j j j-rT 

. - ? signal having a frequency equal to said second differ- 

ond frequency signals. e - j . j. 1- 

, n * + jL.w „\ n :„ Q - ,.,u:„u oo;^ ence frequency, and indicating means responsive to 

10. A transmission system as in claim 9, in which said n J ' ° ^ . , • «■ 

™ ' o 35 said filter means for producing an output signal indicat- . 

filter means comprises a notch niter. . . . _ r . , r ° 

11. A transmission system comprising a transmitter detection of said signal source. 

for transmitting first and second frequency signals sep- , 17 ; detecuon system for detecting remote or 
arated by a first difference frequency to a moving tar- Iocal multiple-signal radiating matter at a signal detec- 
get and a receiver for receiving third and fourth signals Uon ?™* on when there is relative motion between the 
respectively related to said first and second signals and 40 rnulUple-signal radiating matter and the signal detec- 
separated by a second difference frequency, said re- tl0n P OS! * on ' said muluple-signal radiating matter re- 
ceiver comprising heterodyne means for mixing a fifth atin S at least signals having first and second fre- 
frequency signal with said signals to produce a plurality quencies together with a first difference frequency sig- 
of mixed signals, a first filter for passing preselected nal havin S a frequency equal to the difference between 
ones of said plurality of mixed signals which are sepa- 45 such first and second frequencies, said signal detection 
rated by said first and second difference frequencies, a system comprising: 

non-linear device responsive to said preselected ones of A - receiving means for receiving third and fourth fre- 

said signals for producing an indication signal having a quency signals which differ in frequency from said 

frequency exactly equal to said second difference fre- <n first and second frequency signals because of the 

quency, and a second filter for attenuating a signal hav- 50 Doppler effect which are separated by a second dif- 

ing a frequency exactly equal to said first difference ference frequency which is substantially equal to 

frequency and for passing only said indication signal. said first difference frequency; 

12. A transmission system as in claim 11, in which B. local signal generation means for generating a 
said non-linear device is a square-law device. local signal at a nonvaried fifth frequency; 

13. A transmission system as in claim 11, in which C. mixing means for mixing said third and fourth fre- 
said transmitter is a two-mode laser. quency signals with said fifth frequency signal to 

14. A transmission system as in claim 6, in which said produce a plurality of mixed signals including 
transmission means comprises a modulator for modu- mixed signals which are separated by substantially 
lating at least said first frequency signal with prese- ^ said second difference frequency; 

lected information, and said receiving means comprises D. non-linear means responsive to said mixing means 

a demodulator connected to said second filter for de- for producing signals including an output signal 

modulating the signal passed thereby. having a frequency equal to said second difference 

15. A transmission system comprising transmission frequency; 

means for transmitting first and second frequency sig- fi5 E. filter means connected to said non-linear means 

nals separated by a first difference frequency to a mov- for passing only the signals having a frequency sub- 

ing to a moving target whereby said first and second stantially equal to said second difference fre- 

frequency signals may be received as respective third quency; and 
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F. indicating means responsive to said filter means 
for producing an output signal indicating the detec- 
tion of said multiple-signal radiating matter. 

18. The signal detection system of claim 17 wherein 
said local signal generation means generates a non- 
varied fifth frequency signal which is substantially 
stronger than said received third and fourth frequency 
signals. 

19. The signal detection system of claim 18 wherein 
said mixing means produces a plurality of mixed signals 
including signals which are separated by substantially 
said difference frequency and are substantially stronger 
than signals produced by mixing said third and fourth 
frequency signals. 



20. The signal detection system of claim 17 including 
further filter means connected between said mixing 
means and said non-linear means having a passband 
which encompasses signals having frequencies equal to 
said fourth frequency minus said fifth frequency and 
said third frequency minus said fifth frequency. 

21. The signal detection system of claim 19 further 
comprising an attenuating means responsive to said fil- 
ter means for attenuating signals having a frequency 
precisely equal to said first difference frequency. 

22. The signal detection system of claim 21 wherein 
said attenuating means comprises a notch filter. 
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[57] ABSTRACT 

A variable-gain amplifier comprises a transistor with 
an emitter connected in a degenerative emitter- 
follower circuit which includes a PIN diode traversed 
by a current injector in the form of an operational am- 
plifier, the PIN diode forming part of a negative- 
feedback path extending from the output to the invert- 
ing input of the operational amplifier. To achieve a 
gain characteristic whose logarithm varies linearly 
with a control voltage, this control voltage is fed to the 
same inverting input through an amplifier circuit with 
an exponential characteristic, including another oper- 
ational amplifier provided with an input transistor. A 
temperature-compensating circuit, preceding that 
input transistor, comprises still another operational 
amplifier having a further transistor inserted in its 
negative-feedback path. The variable-gain amplifier 
may be included in one of two conjugate (sum and dif- 
ference) channels of a monopulse radar. 

10 Claims, 5 Drawing Figures 
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se, comprises a transistor with an emitter-follower con- 

VARIABLE-GAIN AMPLIFIER nection. The collector of the transistor T is connected 

o A^rom iKirk nc ttjit tkx\ m vinrwi to a load impedance 2 across the terminals of which the 

BACKGROUND OF THE INVENTION QUtput s[gn £ h picked up at 6 m response to m m p Ut 

The present invention relates to improvements in 5 signal e applied to the base: The emitter of the transis- 

variable-gain amplifiers requiring gain control varying tor 1 is grounded for high frequencies through a capaci- 

in accordance with a well defined law, e.g M linearly, tor in series with the variable-impedance element 3 

over a wide dynamic range. which is connected, through a surge coil 4, to a current 

Prior attempts at solving this problem have not injector 5 which supplies the biasing current Ic for the 

turned out satisfactory. Thus, a gain control has been 10 element 3. 

proposed including an attenuator consisting of a fixed The element 3, whose resistance varies with the cur- 
impedance and a nonlinear element such as a diode, rent flowing through it, is a PIN (positive/intrinsic/- 
whose dynamic impedance varies as a function of the negative diode. 

direct current flowing through it. Another device uti- The characteristics of these diodes are well known, 

lizes field-effect transistors whose gate voltage is var- 15 ^ nee( j on ] y be outlined briefly here. A PIN diode 

ied. Yet another device of this type comprises a varia- consists of two heavily doped regions, p-f and n+, 

ble-resistance element of the diode type, arranged in a known as the end regions, separated by a lightly doped 

negative-feedback path of the variable-gain amplifier intermediate region. When the intermediate region has 

to be controlled. a substantial thickness (on the order of 10 to 100 mi- 

However, these devices have drawbacks. In particu- 20 crottS ^ ^ 4^ acts ^ a high-voltage rectifier having 

lar, the gain varies as a function of the temperature and a i ow direct-voltage drop for high currents because of 

this militates against good reproducibility. Moreover, the modulation of the conductivity of the intermediate 

the law governing the variation of the logarithm of the region by ^ high number of charge carriers injected 

gam as a function of the control voltage is not linear through the end regions. However, in the very-high-fre- 

and the dynamic range is relatively narrow, thereby 25 quen cy range, a PIN diode of this kind can function as 

severely limiting the usefulness of the controlled ampli- a variable resistor because the frequencies are then too 

fier stage. high for the rectification to take place on account of 

SUMMARY OF THE INVENTION ^ relatively long recovery time of the intermediate 

layer 

The object of the present invention is to overcome 30 F(jr ^ or reverse b]as ^ intermediate ^ cre . 

these drawbacks and to provide a gain control of wide ates a high resistance . Under ^ effect of forward bias> 

dynamic range for an amplifier stage, the gain varying ^ misctiQn ^ storage of charge QuAm reduces ^ 

m accordance with a readily reproducible charactens- resistance m ^ intermediate region in accordance 

tic. More specifically, our invention aims at providing a ^ f onnu ] a 
gain characteristic whose logarithm varies linearly with 35 
the control voltage. 

In accordance with the present invention, a variable- r « (2 ^]f 0) 
impedance element constituted by a PIN diode is con- 
nected in a degenerative or negative-feedback circuit 

connected to a reference electrode (e.g., emitter) of a 40 where R is expressed in ohms and / is the forward bias- 
transistor, or pair of transistors, included in the con- ing current expressed in milliamps. 
trolled amplifier stage, the PIN diode being biased by a It is in this latter state that the PIN diode is utilized in 
current flowing in a negative-feedback path of an oper- the system embodying our present invention, where it 
ational amplifier supplied at an input thereof with the affords numerous advantages, 
gain-controlling voltage. 45 The insertion of the variable element in a feedback 

™.™ ™» „ ™ A „rT^ circuit makes it possible, first of all, to achieve a dy- 

BRIEF DESCRIPTION OF THE DRAWING namic range in the variable-gain stage which increases 

The above and other features of our invention will with the input level. In the negative-feedback amplifier, 

now be described in detail with reference to the accom- the dynamic-gain variation is limited by the impedance 

panying drawing wherein: 50 of the electrode to which the variable element is cou- 

FIG. 1 is a circuit diagram of a variable-gain amplifier pled, the electrode in this case being the emitter of the 

embodying our. invention; transistor, on the one hand, and by the parasitic capaci- 

FIG. 2 is a circuit diagram of another embodiment; tances of the circuit, on the other. 

FIG. 3 illustrates additional components of a system For a PIN diode, the charge-carrier life greatly ex- 
including the variable-gain amplifier of FIG. 2; 55 ceeds the cycle' length corresponding to the frequency 

FIG. 4 is a block diagram illustrating the application of the signals applied to the amplifier. Thus, by using 

of our improved variable-gain amplifier to a monopulse the PIN diode as a variable element, complete separa- 

radar system; and tion between the dynamic and static characteristics of 

FIG. 5 is a graph showing the variation of the gain G the diode is achieved, that is to say between the dy- 

of the amplifier of FIG. 4 as a function of the applied 60 namic impedance of the diode and its low-frequency 

control voltage. impedance. Consequently, with a charge-carrier life on 

__.„ __ __ c/riDfD _ T<0 . VI the order of 1 .3 microsecond, there is a lower limit on 

DETAILED DESCRIPTION ^ order of j meganertz for frequency at which the 

FIG. 1 illustrates schematically an amplifier, or am- diode will operate as a variable resistor. Likewise, there 

plifier stage, comprising an element 3 whose impe- 65 is an upper limit for the frequency of the diode-biasing 

dance varies as a function of the current flowing current. This makes it possible to achieve very low-dis- 

through it, connected in a negative-feedback circuit in tortion amplification since the permissible dynamic 

the amplifier stage. This stage, in a manner known per current becomes independent of the control current. 
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Moreover, by connecting the PIN diode in a nega- ance element, an amplifier circuit 14 with an exponen- 

tive-feedback circuit including a current injector 5, we tia] response. 

are able to insure that the current flowing through the The control voltage Vc appearing at 13 is applied to . 

diode depends only upon the input voltage f the cur- the exponential amplifier circuit 14 through a compen- 

rent injector and this improves the gain control of the 5 sation circuit 15 comprising a transistor 16 connected 

amplifier, making it possible to effect better utilization in a feedback path between the inverting input and the 

of the wide control range afforded by the emitter-fol- output of an operational amplifier 17. This latter ampli- 

lower connection. fier, which is of a type well known per se, requires no 

FIG. 2 illustrates another embodiment of the inven- detailed description, any more than does the opera- 
tion, in which the controlled amplifier comprises a 10 tional amplifier 12. The circuit 15 is designed to corn- 
differential circuit pensate for the variation in the base-emitter voltage of 

This two-stage amplifier, constructed as an inte- *h e transistor 16 as a function of temperature. The 

.. grated circuit, comprises two transistors 7 and 8 of like current flowing through a grounded-base input transis- 

conductivity type (NPN) in emitter-follower connec- tor 18 of circuit 14, whose collector is connected to 

tion with their emitters interconnected. The element 15 inverting input of an operational amplifier 19 thereof, 

whose resistance varies with the current flowing thus varies exponentially with the base-emitter voltage 

through it, i.e., the PIN diode 9 is connected in the link of m P ut transistor 18 which is connected in senes- 

between the emitters of the transistors 7 and 8, through opposed relationship with feedback transistor 16. Con- 

the intermediary of respective capacitors 10 and 11; „ sequently the voltage Vs appearing at the input of the 

each emitter, moreoveV, is connected to ground 20 ^i 510 '? 0 . ( Ra 2 >> connected to the operaUonal am- . 

through a surge coil and a decoupling capacitor. It will P ,rfier 12 > » i exponenbally related to ^the voltage Vc; the 

be observed, too, that the signals processed in this * flowing through the PIN diode 9, which is 

amplifier stage are applied to the base of the transistor equal to the quotient of tte value V, divided by the 

7, {he output signak from the amplifier stage being magnitude Mof rector 20, vanes exponentially with 

picked up at the collector of the transistor 8 across the 25 * e voltage Vc so that the logarithm of the gam is a 

terminals of the load Z. The PIN diode 9, connected in lm ™ toctK ? n of W S' \ olta f ... 

« „^„ rtT 4, i n „\„A~A ;„ j^L^^ om u Thus, we have disclosed a variable-gain amplifier 

a coupling network inc uded in the degenerative emit- b a pr^ diode coated to an emitter of a 

follower circuit of input trans^tor 7 ^erted ^^J,^ Mtcm ^ ve]yt me ^ ^ 

be^veenthe emitters of the amplifiers 7, 8 ^ato forms 30 TOnnected ^ circi £ without 

part of a negauve-feedback circuit associated with an of OU r invention. 

operauonal amplifier 12 included in the gain control ^ ^is^ zmpMeT in accordance with the 

circuit of the amplifier ^ invention has numerous applications, for example in 

TTie operational amplifier 12 converts a control volt- controUed-gain amplifier system operating within a 

age Vj, applied to its inverting input through a resistor 35 fr ^ uenc ^ e exten ding from 1MHz to 1GHz, with 

20, into a biasing current Ic acting directly on the PIN ^ ^ close d_i 00 p operation, where an automatic 

diode 9. gain control (AGC) is created, and open-loop opera- 

The system of FIG. 2 has the advantage, in relation to ^ miag for example ^.variable gain (TVG). A 

one with a simple amplifier of the kind shown in FIG. 1, particularly significant application, however, is in a 

of still further increasing the dynamic range of the 40 three-amplifier system for automatic gain control as 

signal which the amplifier will be able to handle. applied to the sum and difference channels of a mono- 

Accordingly, the amplitude of the permissible signal pulse radar rece i V er using amplitude processing, in 
at the amplifier input, that is to say at the base of the wmcn the quality of exploration depends primarily 
transistor 7, increases as the impedance of the diode 9 upon the gains of the three amplifiers being identical 
increases, that is to say as the gain decreases. The varia- 45 throughout the gain-control range, 
tion in gain which it is thus possible to achieve has no piG. 4 schematically illustrates this kind of automat- 
effect upon the. pass-band characteristics of the ampli- ic-gain-control loop, in accordance with the invention, 
fier stage, which is determined by the load Z separated as applied to one of the conjugate (sum and difference) 
from the PIN diode 9 by the transistor 8. As already channels comprising two controlled-gain amplifier 
mentioned, this gain variation is independent of active SO stages. 

elements , other than the PIN diode 9, the stage gain 'flie channel in question, which may be the sum chan- 
being given by the ratio of the load resistance Z con- n el of a monopulse radar, thus comprises two con- 
nected to the collector of the transistor 8, to the dy- trolled-gain amplifiers 23 and 24, followed by an ampli- 
namic resistance of the PIN diode. fier 25 delivering the output of the channel. The output 
. Still better conditions of operation of the controlled 55 signals are also applied to the gain-control loop of the 
amplifier can be obtained in accordance with the in- amplifiers 23 and 24 through an amplifier 26 supplying 
verition by modifying the control voltage applied to the a detector stage 27 connected to a threshold amplifier., 
input of the operational amplifier 12 which directly or limiter 28 in a circuit whose time constant deter- 
controls the current Ic flowing through the PIN diode. mines the pass band of the control system. The ampli- 

In the introduction to the present specification we 60 fier circuit 28 is connected to the amplifier circuit 14 of 

have pointed out that the logarithm of the gain of the FIG. 3, having an exponential response characteristic, 

amplifier stage should vary as a linear function of the which in turn is connected to two current injectors 12 

control voltage. and 120, that is to say operational amplifiers control- 

This condition is met in accordance with the inven- ling PIN diodes (not shown here) arranged in a nega- 
tion by connecting between a terminal 13 (FIG. 3), 65 tive-feedback circuit f the controlled variable-gain 
receiving the control voltage Vc which determines the amplifiers 23 and 24. Identical injectors contr I the 
gain of the amplifier 7, 8 of FIG. 2, and the operational variable-gain amplifiers of the ther channel, i.e., of the 
amplifier 12, acting directly upon the variable-resist- difference channel. 
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FIG. 5 illustrates by way of example the attenuation 
law of the channel described with reference to FIG. 4, 
i.e., the variation in gain G as a linear function of the 
control voltage Vj. 

By way of example, in closed-loop operation, the 5 
level may be regulated between 10 and 65 dB per mW 
in continuous-wave operation or in intermittent opera- 
tion with pulses on the order of 0.25 microsecond. 

It is clear, in the view of the excellent linearity of the 
impedance variation in the Pin diode as a function of 10 
the current flowing through it, that in accordance with 
the intended applications other laws of variation of the 
gain control are conceivable. Thus, a sin^/x 3 law may 
be required if the amplifier is associated for example 
with a simulator. 

What is claimed is: 

1. A variable-gain amplifier comprising: 
semiconductor means provided with an input elec- 
trode connected to a source of high-frequency 2Q 
signals and with two further electrodes including a 
reference electrode whose potential relative to that 

of said input electrode determines the conductivity 
of said semiconductor means, one of said further 
electrodes being connected to a load; 2 5 
degenerative circuitry connected to said reference 
electrode for applying thereto a negative-feedback 
voltage; 

. a PIN diode in said degenerative circuitry; 

biasing means for said PIN diode including an opera- 30 
tional amplifier provided with an inverting input, a 
non-inverting input, an output, and a negative- 
feedback path connected between said output and 
inverting input thereof, said PIN diode being in- 
serted in said negative-feedback path; and 35 

a source of gain-controlling voltage connected to one 
of the inputs of said operational amplifier. 

2. A variable-gain amplifier as defined in claim 1 
wherein said semiconductor means comprises a first 
and a second transistor stage each having a base, an 40 
emitter and a collector, said input electrode being the 
base of said first transistor stage, said reference elec- 
trode being the emitter of said first transistor stage, said 
degenerative circuitry forming part of an emitter-fol- 
lower connection for said first transistor stage and 45 
being coupled to the emitter of said second transistor 
stage, the emitter of said first transistor stage being 
connected to the load via the emitter and collector of 
said second transistor stage. 

3. A variable-gain amplifier as defined in claim 2 SO 
wherein said transistor stages are of the same conduc- 
tivity type. 

4. A variable-gain amplifier as defined in claim 1 
wherein said source of gain-controlling voltage com- 
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prises an amplifier circuit with an exponential charac- 
teristic. 

5. A variable-gain amplfier as defined in claim 4 
wherein said source of gain-controlling voltage further 
comprises a temperature-compensating circuit preced- 
ing said amplifier circuit 

6. A variable-gain amplifier as defined in claim 5 
wherein said amplifier circuit and said temperature- 
compensating circuit comprise a second and a third 
operational amplifier, respectively. 

7. A variable-gain amplifier as defined in claim 6 
wherein said amplifier circuit includes an input transis- 
tor connected to said second operational amplifier, said 
temperature-compensating circuit including a further 
transistor inserted in a negative-feedback connection 
of said third operational amplifier, said further transis- 
tor being provided with a control-voltage input. 

8. A variable-gain amplifier as defined in claim 7 
wherein said input transistor and said further transistor 
are connected in series-opposed relationship. 

9. In a monopulse radar having two conjugate chan- 
nels, the improvement wherein one of said channels 
includes a variable-gain amplifier comprising: 

semiconductor means provided with an input elec- 
trode connected to a source of high-frequency 
signal and with two further electrodes including a 
reference electrode whose potential relative to that 
of said input electrode determines the conductivity 
of said semiconductor means, one of said further 
electrodes being connected to a load; 

degenerative circuitry connected to said reference 
electrode for applying thereto a negative-feedback 
voltage; 

a PIN diode in said degenerative circuitry; 

biasing means for said PIN diode including an opera- 
tional amplifier provided with an inverting input, a 
noninverting input, and output, and a negative- 
feedback path connected between said output and 
inverting input thereof, said PIN diode being in- 
serted in said negative-feedback path; and 

a source of gain-controlling voltage connected to one 
of the inputs of said operational amplifier. 

10. The programmable controller as recited in claim 
9 in which said scanner circuit includes control means 
for alternately executing a data output sequence and a 
data input sequence, said control means being con- 
nected to said interrupt means, connected to said data 
in gate means and connected to said data out gate 
means, and being operable to enable said interrupt 
means and said data out gate means during said data 
output sequence, and to enable said interrupt means 
and said data in gate means during said data input 
sequence. 

* * * ♦ * 
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[57] ABSTRACT 

A gain control and method therefor which allows the 
use of a single gang variable attenuator for the syn- 
chronous control of the gains of each channel of a 
multi-channel system of the type employing a separate 
transmission path for each channel. This is accom- 
plished by inserting multipliers at the output of each 
transmission path and multiplying the path signals with 
a carrier signal the level of which is varied with a sin- 
gle gang attenuator. The level of the multiplier output 
signals vary in accordance with the level of the carrier 
signal: Where intelligence signals are to be inserted at 
the input of each transmission path these are multi- 
plied with the carrier signal prior to insertion resulting 
in the recovery of the intelligence signal at the output 
of the multipliers located at the output of each path. 
An increased range of gain control can be achieved by 
inserting the attenuated carrier signal at the inputs of 
each transmission path. 

13 Claims, 3 Drawing Figures 
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MULTI-CHANNEL GAIN CONTROLS 
BACKGROUND OF THE INVENTION 

This invention relates to multi-channel gain controls 
and methods of controlling the gain in a multi-channel 
system. An example of an application of the invention 
is as a gain control in radar or sonar systems having 
more than one receiving channel. 

The simplest form of a multi-channel gain control 
comprises a number of variable attenuators having 
substantially identical characteristics which are me- 
chanically ganged. To achieve with certainty tracking 
errors (i.e., gain differences) less than 5% over even a 
limited dynamic range of gain, it is necessary to use 
"high precision" controls. Such controls are expensive 
and bulky. Furthermore, as the maximum attenuation 
possible is limited by the stray coupling between the 
attenuator input and output circuits it may be neces- 
sary to carry out the attenuation in two or more iso- 
lated stages to achieve an adequate dynamic range of 
gain. When multi-channel attenuation is required with 
very low tracking errors a wide range of attenuation 
can only be achieved at great cost and complexity. 

An application of a precise multi-channel gain con- 
trol is in radar or sonar systems having two or more 
receiving channels to provide source direction informa- 
tion. In such systems it is essential to be able to vary the 
gains of each channel in precise synchronism, as un- 
equal channel gains will produce directional errors. An 
example of a sonar system of this type is that described 
in U.S. Pat. No. 3,366,922 which relates in particular to 
a binaural sensory aid for blind persons. Two receiving 
channels are used in these aids and the use of conven- 
tional precision ganged attenuators is not compatible 
with the special packaging requirements. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a method of controlling the gain of a multi- 
channel system. It is a further object of the present 
invention to provide a multi-channel gain control 
which will go some way towards overcoming the above- 
mentioned disadvantages. Accordingly in one aspect 
the invention consists in a method of controlling the 
gain in a multi-channel system employing a separate 
transmission path for each channel. A carrier signal is 
generated and multiplied with the intelligence signal 
associated with each transmission path. Unwanted low 
frequencies from each product signal are filtered out 
and each filtered signal is passed through an associated 
transmission path. The same carrier signal is also con- 
trol lably attenuated and the attenuated signal is multi- 
plied with each transmission path output signal. Un- 
wanted high frequencies from these product signals are 
filtered out. The amplitudes of the intelligence signals 
resulting after filtering are each determined by the 
degree of attenuation of the carrier signal. 

In a further aspect, the invention consists in a method 
of synchronously controlling the gain in a multi-chan- 
nel transmitter-receiver system employing a separate 
transmission path for each channel. A carrier signal is 
generated and applied to said transmission paths. This 
carrier signal is also controllably attenuated and the 
attenuated signal is multiplied with each transmission 
path output signal. The unwanted high frequencies 
from the multiplication product signals are then filtered 
out. The amplitudes of the signals remaining after HI- 
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tering are each determined by the degree of attenua- 
tion of the carrier signal. 

In yet a further aspect the invention consists in a 
multi-channel gain control for controlling the gain in a 

5 system employing a separate transmission path for each 
channel. A carrier signal oscillator is provided together 
with a plurality of intelligence signal inputs each asso- 
ciated with a transmission path. First multipliers each 
feeding a transmission path receive as inputs a respec- 

10 live intelligence signal and the carrier signal from said 
oscillator, high pass filter means being interposed be- 
tween the multipliers and the transmission paths to 
filter out unwanted components of the multiplier out- 
puts. The carrier signal from the oscillator also is taken 

1 5 to a variable attenuator. A plurality of second multipli- 
ers each receive as one input the signal from a respec- 
tive transmission path and as another input the attenu- 
ated carrier signal from the attenuator. Low pass filter 
means follow each second multiplier to filter out un- 

20 wanted components from the multiplier outputs. The 
amplitudes of the intelligence signals resulting at the 
output of the filters are determined by the setting of the 
attenuator. 

In yet a further aspect the invention consists in a gain 
25 control for synchronously controlling the gain in a 
multi-channel transmitter-receiver system employing a 
separate transmission path for each channel. A carrier 
signal oscillator is provided and oscillator output means 
feed the carrier signal to said transmission paths. The 
30 output of said oscillator is also applied to a variable 
attenuator which feeds multipliers corresponding to 
each transmission path within which the signal from the 
attenuator is multiplied with the signal received from 
the respective transmission path. Low-pass filter means 
35 filter out unwanted components of the multiplier prod- 
uct signals. The amplitude of the signals at the output 
of each filter are determined by the setting of the atten- 
uator. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred forms of the invention will now be 
described with reference to the accompanying draw- 
ings, in which: 

FIG. 1 is a block circuit diagram of a multi-channel 
45 gain control, including the modification necessary to 
achieve greater attenuation, 

FIG. 2 is a block circuit diagram of a two-channel 
gain control suitable for use in radar or sonar, and 

FIG. 3 is an example of a multiplier suitable for use in 
50 the multi-channel gain controls of FIGS. 1 and 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The essential feature of the present invention is that 
55 the gains in each channel of a multi-channel system 
may be varied together precisely in synchronism by the 
use of a single variable attenuator. 

Referring to FIG. 1, three channels of a multi-chan- 
nel system are shown where the respective input intelli- 
60 gence signals are x u *i and x Zt and the corresponding 
output signals are v t , v tt and v,. Each channel input 
signal feeds one of a first set or bank of multipliers 1M, 
1M 2 , and 1M* A carrier oscillator CO. generates a 
carrier signal y which feeds each of the first multipliers. 
65 The output of each multiplier, which may be consid- 
ered to be the carrier signal v modulated by each intel- 
ligence signal *i (where / is the channel number) is fed 
to a high pass filter H.P.i to remove any residual input 
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signal due to imperfect multiplication. The outputs Zi of 

the high pass filters feed transmission paths P, which v, = VfeXjKY'sinw^ 
could vary in nature from a simple connecting lead to = K/2 Y^i 
an electromagnetic or acoustic transmission medium. v, = K/2 Y or, 
The received signal from each transmission path is fed 5 »'i = K/2 Y jr, 

to one of a second bank of multipliers 2M,. The carrier v,= K/2Y^s • „r -n -han 

signal y, as well as feeding the first multipliers, is taken That is, the amplitudes of signal outputs of all chan- 

to a variable attenuator G, and the attenuated output nels vary directly with K. 

signal K.y feeds each of the second multipliers. The With the above method of gain control tracking be- 

product of the attenuated carrier signal K.y with each 10 tween channels to within 0.1 dB over a dynamic range 

received signal is fed to a low pass filter L.P.„ which of 60 dB can be achieved without difficulty 
removes signal components having frequencies greater Various known multipliers, filters, oscillators and 

than the frequencies of the input signals x ,. The resul- variable attenuators may be used in a realisation of the 

tant output signals v, are replicas of the input signals x, block circuit shown in FIG. 1. However .as an example, 

diminished by the attenuation factor K. Hence, a varia- 15 a typical multiplier circuit is shown in FIG . 3. The AD 

tion of the variable attenuator G effects all channels 532 multiplier used is an integrated circuit of the 14 pin 

a)1 package type produced by Analogue Devices Incorpo- 

Thai t the above result is obtained is demonstrated by rated. The variable attenuator may be a precision step 

the following analysis switched type, or a simple variable resistance type, 

Assuming both signal and carrier waveforms are sinu- 20 depending on the application. Similarly the character- 

soWal the signal and carrier may be represented respec- istics of the high and low pass filters w.ll vary according 

tivelvas to the application. 

= X simvf ,n a second fol7n of * e invent,on a considerably 

*' . ' ' greater range of attenuation is provided by applying the 

ai L Y 25 attenuated carrier signal Ky to each multiplier of the 

y . " first bank of multipliers. This modification is illustrated 

w, = the angular frequency of the input signal diagramatically in FIG. 1 where link LI would be re- 

*• = the angular frequency of the carrier signal moved and link L2 inserted. In this case the earner 

X = the amplitude of the input signal 10 ««nal feeding the first multipliers also reduces as K 

Y == the amplitude of the carrier signal 30 'educes. The output signals of this form of the invcn- 

The output of the first multipliers 1M, will be: tion may be represented as: 

x ( y S mw,t + s Thu& the outputs now aU vary directly with K*. In this 

or 35 second form of the invention the dynamic range over 

x,y/2 u»n( k i + h >)r + sin< k, - w m )t \ + s which the gain may be varied is greatly increased due to 

the effective provision of two separate stages of attenu- 
where S represents signals produced by imperfect a ti 0 n f each having the same range as the single stage of 
operation of the multipliers. the first form of the invention. As previously men- 

Imperfect operation of the multipliers will allow 40 tione< j t the range of attenuation is limited by the stray 
some of the original signals jr, and some of the carrier coupling between the input and the output of the atten- 
signal y to appear at the output of each multiplier. High uator or d irect coupling of the signal source into the 
pass filtering will completely eliminate the residual or, output circuit. This two-stage attenuation approach as 
fcedthrough if the carrier frequency is chosen appro- we |j ^ p rov iding a theoretically greater range of atten- 
priately but will allow a residual carrier signal Cy to 45 uat j on reduces coupling between the input and output 
pass. by use of two isolated stages of attenuation- In terms of 

The high pass filter output Z, is then: decibels the second form of the invention provides 

twice the attenuation of the first form. 
x.Y/JfsN.^+K-.u + ^K* w.)|+ c y A further form of the invention will now be described 

Any modification by the 50 with reference to a particular application, 

ignored since this is irrelevant to the operation of the ^ Qf and ^ a Uans _ 

system. The second multiplier output, z,Ky is: ^ frequent|y used in con junction with two 

x,ky'/4 (Sin («•, + 2*,)r + sinw, + sin*, + tw t - or more receivers to derive directional information of a 

2w.)/|+cky« icos2w^ + i ) + s*. source of transmitted signal reflection. The direction 

Again, due to multiplier limitations, some of z t and y 55 information may be given by differences in the relative 
will also appear at the output. These unwanted outputs | eve j s c f the received signals. For example in the binau- 
are accounted for in the term S'. However, providing ra i sensory aid described in U.S. Pat. Nos. 3,366,922 
the carrier signal has been chosen to be greater than the transmitted signal is frequency swept and accord- 
twice the frequency of x, the only terms which appear ingly the received echo along two different paths will 
at the output of the LP filters are: 60 sn0 w a difference in frequency with respect to the 

transmitted signal at any one instant. The received 
XKY t cky* signals are therefore each multiplied with the transmit- 

„ ( ^ Bin mv + 2 ted carrier to produce audible signals having frequen- 

cies equal to the difference between the received fre- 
The second term is a small spurious DC term which 65 que ncy of each echo and the transmitted signal fre- 
may be minimised by optimum adjustment of the first quency. The beat frequencies are indicative of the 
multiplier and in many applications is irrelevant distance between each receiver and the source of re- 

The useful output term is: flection. 
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The transmitting and receiving transducers have di- 
rectional characteristics such that directions informa- 
tion on the source of reflect! n is supplied by the differ- 
ing relative levels f the two received signals. In such a 
system it is essential to be able to contr I the. gains of 5 
the receiver channels in precise synchronism since 
differing channel gains will lead to errors in the derived 
direction information. 

Since the sensory aid uses two acoustic/electric re- 
ceiving transducers mounted with a single electric/a- 10 
coustic transmitting transducer the system is a two 
channel one, each transmission path comprising the air 
path from the transmitting device to a reflecting object 
and the return air path to a respective receiving device. 
The useful information derived from each receiving 15 
device is the time taken for the acoustic signal to 
traverse each transmission path and the angle each 
path makes with the receiving transducers. Because the 
''intelligence** information in this system is inherently 20 
produced by the transmission paths the carrier signal 
feeds both transmission paths without prior multiplica- 
tion with external intelligence signals. As will be appre- 
ciated from FIGS. I and 2 and associated description of 
U.S. Pat. No. 3,172,075 which describes the electron- 25 
ics used in the aid of U.S. Pat. No. 3,366,922, the trans- 
mission path reflection time information is made avail- * 
able by frequency sweeping the transmitted carrier 
signal and multiplying this frequency swept signal with 
the received and delayed reflections of the transmitted 30 
signal. Accordingly the gain control described with 
reference to FIG. 1 of the present specification takes 
the configuration shown in FIG. 2 when used to control 
the amplitudes of the output signals of the two channel 
blind aid system. This can be compared with FIG. 1 of 35 
U.S. Pat. No. 3,172,075 and it will be seen that the 
modification permitting synchronous gain control of 
both receiving units is the provision of attenuator G in 
the carrier signal feeds to the multipliers (labelled fre- 
quency changes 19 in the U.S. Patent). The level of the 40 
audible signal from both multipliers thus varies in ac- 
cordance with the attenuation factor K of attenuator G. 

The input signal to the transmission paths would be 
obtained from an electric/acoustic transducer and the 
output signals of said paths would be applied to elec- 45 
tric/acoustic transducers. 

Again, in correspondence with the first form of the 
invention, to enable an increased range of gain control 
the signal feeding the transmission paths can be that at 
the output of the attenuator. 50 

I claim: 

1. A method of controlling the gain in a multi-chan- 
nel system employing a separate transmission path for 
each channel comprising: 

generating a carrier signal, 55 

multiplying each of a plurality of intelligence signals 
each associated with a transmission path with said 
carrier signal to produce first product signals, 

filtering unwanted low frequencies from each first 
product signal, passing each filtered signal through 60 
an associated transmission path, 

controllably attenuating said carrier signal, 

multiplying the signal from each transmission path 
with the attenuated carrier signal to produce sec- 
ond product signals, 65 

filtering unwanted high frequencies from each sec- 
ond product signal, the amplitudes of the intelli- 
gence signals resulting after filtering each being 
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determined by the degree of attenuation of the 
carrier signal. 

2. A method according to claim 1, wherein the car- 
rier signal multiplied with the intelligence signal is said 
attenuated carrier signal. 

3. A method of synchronously controlling the gain in 
a multi-channel transmitter-receiver system employing 
a separate transmission path for each channel compris- 
ing: 

generating a carrier signal, 

controllably attenuating said carrier signal, 

applying the attenuated carrier signal to the inputs of 
said transmission paths, 

multiplying the signal from the output of each trans- 
mission path with the attenuated carrier signal, and 
filtering out unwanted low frequencies from the 
multiplication product signals, 

the amplitudes of the signals remaining after filtering 
each being determined by the degree of attenua- 
tion of the carrier signal. 

4. A multi-channel gain control for controlling the 
gain in a system employing a separate transmission path 
for each channel comprising: 

a carrier signal oscillator, 

a plurality of intelligence signal inputs each asso- 
ciated with a transmission path, 

a plurality of first multipliers each feeding a transmis- 
sion path and each receiving as inputs an intelli- 
gence signal and the carrier signal from said oscilla- 
tor, 

high pass filter means interposed between said multi- 
pliers and said transmission paths to filter out un- 
wanted components of the multiplier outputs, 

a variable attenuator to which the output of said 
oscillator is applied, 

a plurality of second multipliers each receiving as one 
input the signal from a transmission path and as 
another input the attenuated carrier signal from 
said attenuator, and tow pass filter means following 
each second multiplier to filter out unwanted com- 
ponents from the multiplier output, 

the amplitudes of the intelligence signals resulting at 
the output of the filters each being determined by 
the setting of said attenuator. 

5. A multi-channel gain control according to claim 4 
wherein the carrier signal input to the first multipliers is 
taken from the output of said attenuator. 

6. A multi-channel gain control according to claim 4 
wherein each transmission path is an electrical conduc- 
tor. 

7. A multi-channel gain control according to claim 5 
wherein each transmission path is an electrical conduc- 
tor. 

8. A multi-channel gain control according to claim 4 
wherein the carrier signal oscillator frequency is 
greater than twice the intelligence signal frequency. 

9. A gain control for synchronously controlling the 
gain in a multi-channel transmitter-receiver system 
employing a separate transmission path for each chan- 
nel comprising: 

a carrier signal oscillator, 

a variable attenuator to which the output of said 
oscillator is applied, 

oscillator output means feeding the attenuated car- 
rier signal to the inputs of said transmission paths, 

a plurality of multipliers each corresponding to a 
transmission path within which each signal re- 
ceived from the output of a respective transmission 
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palh is multiplied with the attenuated carrier sig- range, 
nal, 

and low pass filter means to filter out unwanted com- 
ponents of the product signals, the amplitudes of 
the signals at the output of the filters each being 
determined by the setting of said attenuator. 
10. A gain control according to claim 9 wherein the 
number of channels controlled is two. 

U. A gain control according to claim 10 wherein the , 0 
carrier signal oscillator frequency is in the ultrasonic 



12. A gain control according to claim 11 wherein the 
transmissi n paths are acoustic media, the oscillator 
output means is an electric/acoustic transducer, and an 
electric/acoustic transducer is associated with and 
feeds each multiplier. 

13. A gain control according to claim 12 wherein the 
transmission path transmitter and receiver terminals 
are located together. 
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[57] ABSTRACT 

An automatic; thresholding reference and detection 
circuit which generates a signal in time which is a rep- 
lica of the radar return signal's doppler spectrum. The 
radar signal return is processed by a target signal chan- 
nel having a narrow bandwidth filter which produces a 
fine resolution replica of the signal spectrum, and by a 
reference signal channel having a wider bandwidth 
filter, which produces a smeared (or average) replica of 
the signal spectrum. The output of the reference signal 
channel is a threshold signal which, when compared to 
the output of the target signal channel, allows only the 
target signals to be passed for further processing and 
rejects clutter and thermal noise. 

9 Claims, 8 Drawing Figures 
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FIG. 2 is a diagram illustrating the effect upon the 

AUTOMATIC THRESHOLDING AND reference signal (a) without and (b) with an offset VCO 

REFERENCE CIRCUIT in the reference signal channel; 

FIG. 3 is a diagram illustrating (a) the received return 
BACKGROUND OF THE INVENTION 5 f requ ency spectrum and (b) the processed frequency 
The present invention relates to Doppler radar sys- spectrum; and 
terns, and more particularly to an automatic threshold- FIG. 4 is a diagram of the respective bandpass char- 
ing circuit for Doppler radar systems. acteristics of (a) the doppler filter, (b) the target signal 

The type of target to be tracked by a system which filter, and (c) the reference signal filter, 

incorporates this invention has a "line-like" Doppler 1° DESCRIPTION OF THE PREFERRED 

frequency spectrum. For example, for aircraft targets, EMBODIMENT 
the energy of the target returns is divided between the 

skin line and a series of upper and lower sideband lines Referring now to FIG. 1, an IF output signal from a 

generated by engine modulations. These upper and pulse doppler radar is fed to a range gate 10 From the 

lower sideband lines may have more amplitude, for ™ range gate 10 the signal is down-translated m frequency 

shan periods, than the skin line. bv out P ut of **«™ 1 gf x ^ ^2*g* 

One way of suppressing false alarms is to employ of a coherent oscillator (COHO) in a mixer 12. The 

some type of automatic thresholding. Automatic thre- output of the mixer 12 is then inputted to doppler filter 
sholding in pulse doppler radars is done in several ways. _ J* which passes only the frequency region of mterest 

One of The most common methods is to provide a bank 20 *™ P *f Imes - f V* ? om f° PP ler 

of doppler filters to cover the frequencies between the ™«M » then fed as one mput to another pair of mixers 

pulse repetition frequency (PRIO lines. Detectors fol- £ £ j\ *™ of vo tege controlled osciUators (VCO) 

low each doppler filter. The .signal levels are compared 18 > f dnve * 6 * 26 «P«*vdy. with a linearly 

against a threshold. If the signal level * greatei : than the „ ^Jfftall ^doppler filter 14 interacts with 

threshold then the signal is detected Tins threshold £ " ^ 

level can be generated by averaging the total power in ^ 26 to diift the doppler signal spectrum in 

the pass band between the PRF • lines or by averaging ^ ^ Qf ^ ^then coupled 

noise power for a subgroup of the doppler filters. thrQu ^ narrow bandpass flltcrs ^ 30 with ^ respec . 

Another common method uses returns from neigh- ^ ^ bandwidths of ^ mteTS ^ ntered at ^ ^ fre . 

oonng range bins about the range bin to be examined. The bandwidth of the filter 30 in the reference 

These returns are proved individually as in the previ- si ^ channel h ^ ^ of ^ 2o mthe 

ous method and then added to form a threshold. signal channel. 

These methods are practical where component and ^ respe ctive signals, target and reference, are then 

processing complexity can be tolerated. Depending 35 processe d by full-wave detectors 22, 32 and envelope 

upon the actual implementation, these thresholding filters 24, 34. The outputs of the two envelope filters 24, 

methods may not be very sensitive to variations in noise 34 prov ide the replica of the envelope of the signal 

power in the intra PRF line frequency region caused by spectrum as a function of time. These two signals are 

clutter and transmitter noise. t h en coupled to a comparator 36 where the reference 

SUMMARY OF THE INVENTION 40 si S nal acts M a thresnold si S™l so that only target sig- 
nals are passed for further processing. 

Accordingly, the present invention provides two Bandpass filters 30 and 20 have different rise times 

parallel processing channels — a target signal channel and compensation for this is provided by offsetting 

and a reference signal channel to provide automatic VCO 28. 

thresholding and detection. After range gating, the 45 The effect of the offset VCO 28 is illustrated in FIG. 

received return signal spectrum is shifted to a low fre- 2. FIG. 2a illustrates that without the offset VCO, noise 

quency in a mixer. The doppler frequency region of can be passed as a target, creating false alarms. Also, a 

Interest within the return spectrum between two PRF low amplitude target signal next to a high amplitude 

lines is passed through a doppler band pass filter. The target signal could be lost Raising the reference level 

doppler frequencies are then converted to time signal 50 could reduce the false alarms, but sensitivity would be 

replicas of the spectrum by two parallel signal channels. sacrificed. However, by offsetting VCO 28 the results 

The parallel signal channels contain mixers, narrow of FIG. 2b are obtained, i.c, the noise is suppressed and 

band pass filters, fullwave envelope detectors and an the low amplitude target is detected without reducing 

envelope filter. sensitivity. 

The bandwidth of the narrowband filter for the refer- 55 This method of providing automatic thresholding 

ence signal channel is wider than that for the target discriminates against non line-like spectrums. The nar- 

signal cti&nnel to provide an average reference value. row reference filter 30 provides an average reference 

The VCO for the reference signal channel is offset from signal over only a portion of the intra PRF line frequen- 

that of the target signal channel to compensate for the cies. This provides a better reference if the clutter and 

different rise times of the two different narrow band- 60 noise power changes significantly across the frequency 

width filters. The VCO offset allows for centering the band examined and allows a more sensitive signal to be 

fine resolution time replica of the signal spectrum with detected. 

that of the coarser replica used for reference. The radar used in the present invention is coherent 

The output of the two channels is compared and the and the narrow filtering of the return spectrum can 

target signals are passed for further processing. 65 therefore provide processing gain. For example, if the 

««*T-.r- ^nr/,«Tivm^ ™ ^« _ « rr~vTs"* PR* 7 lines are separated by 50kHz and the effects of 

BRIEF DESCRIPTION OF THE DRAWING cIutter ^ excluded, the signal-to-noise ratio, S/N, for 

FIG. 1 is a block diagram of the present invention; the signal and n ise energy between the PRF lines is the 
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same as for the total signal. If the narrow bandpass filter 
20 is placed over a target signal, all of the signal is 
passed and only a small portion of the noise. Increasing 
the S/N ratio in this way provides a processing gain 
increase on the- order of approximately 18.8db in the 
present design. 

Referring now to FIG. 3a a typical signal return 
spectrum is illustrated centered about the transmitter 
frequency, fiy The return signal consists of a series of 
PRF lines with clutter roughly centered about them, 
and target signal lines between the PRF lines with a 
thermal noise background. If the range gate 10 moves 
off a target, the only change in the shape of the signal 
spectrum between the PRF lines is in amplitude. The 
range gated signals are mixed with a COHO signal to 
down-translate the frequency spectrum from the IF 
frequency to d.c. as shown in FIG. 3& 

The doppler filter 14 passes the signal frequencies 
between d.c. and the first PRF line and rejects the fre- 
quencies of the stationary clutter signals centered about 
the d.c. and PRF lines. Then the likely doppler target 
signal frequencies between d.c. and the first PRF line 
are searched for signal energy. This is accomplished by 
sweeping the signal spectrum past the narrow bandpass 
filter 20 fixed in frequency. 

FIG. 4 shows the respective bandpass characteristics 
of the doppler filter 14 (FIG. 4a), the target signal nar- 
row bandpass filter 20 (FIG. 4*), and the reference 
signal narrow bandpass filter (FIG. 4c) with typical 
bandwidths of 20kHz, 660Hz and 3 KHz, respectively. 
The target signal filter 20 and the reference signal filter 
30 have their respective bandwidths centered about 
frequency/. 

The output of the doppler filter 14 is multiplied by the 35 
VCOs signals which are changing linearly in frequency. 
Since multiplication of time signals is equivalent to 
convolution in frequency, the signal spectrum slides 
through the narrow bandpass filters 20, 30 centered at 
f r The VCO sweep rate determines the bandwidth of 40 
the target signal filter 20 required to provide enough 
dwell time to accomodate the coherent integration of 
the target signal lines. The VCO signals are designed so 
that the spectrum shifted into the narrow bandpass 
filters 20, 30 stops just short of the shifted <Lc. signal to 45 
provide further clutter attenuation. 

The reference signal is derived from the doppler filter 
14 to provide for the adaptive threshold to the compara- 
tor 36. The reference signal is centered with respect to 
the target signal to compensate for the difference in rise 50 
times of the reference signal filter 30 and target signal 
filter 20. 

The comparator 36 controls a transmission gate 
which passes any signal which is of greater amplitude 
than the reference signal. 55 

The present invention overcomes the slow time con- 
stants and resulting offset time response of narrow 
bandpass filters by using an offset VCO 30 in the refer- 
ence signal channel, tracks changing noise levels within 
the doppler frequency spectrum of interest between 60 
two PRF lines, discriminates against detecting non line- 
like spectnims, and allows for simple mechanization. 

What is claimed is: 

1. An automatic, adaptive-threshold circuit for pro- 
cessing signals received from a pulse Doppler radar 65 
comprising: 

reception means for receiving a radar return signal 
from said pulse Doppler radar; 



a target channel connected to the utput of said re- 
ception means, tuned to a first narrow bandwidth, 
and utputting a first time replica spectrum f said 
received output from said recepti n means; 

a reference channel connected t the output of said.. 
reception means and in parallel with said target 
channel, said reference channel tuned to a second 
narrow bandwidth wider than said first narrow 
bandwidth and outputting a second time replica 
spectrum of said received output from said recep- 
tion means, said second time replica spectrum 
being coarser than said first time replica spectrum; 
and 

a comparator having a plurality of inputs connected 
to and receiving the outputs of said target channel 
and said reference channel, whereby said received 
radar return signal is processed in parallel fashion 
by said target and said reference channels, said 
reference channel output being the automatic, 
adaptive threshold against which said target chan- 
nel output is compared in said comparator. 

2. An automatic, adaptive threshold circuit as recited 
in claim 1 wherein said comparator controls a transmis- 
sion gate which passes only that portion of the output of 
said target channel which is of greater amplitude than 
the output of said reference channel. 

3. An automatic, adaptive threshold circuit as recited - 
in claim 1 wherein said reception means includes: 

gating means connected to receive said radar return 
signal for range-gating said radar return signal; 

lowering means connected to the output of said gat- 
ing means for down-translating in frequency the 
output of said gating means; and 

filter means connected to the output of said lowering 
means for selecting only the Doppler frequencies 
to be processed. 

4. An automatic, adaptive threshold circuit as recited 
in claim 3 wherein said lowering means includes: 

a coherent oscillator having an output oscillation 
signal; and 

a first mixer having inputs connected to said gating 
means and said coherent oscillator and outputting a 
signal to said filter means. 

5. An automatic adaptive threshold circuit as recited 
in claim 1 wherein said target channel includes: 

a second mixer having a plurality of inputs, one of 
which is connected to the output of die aforesaid 
filter means; 

a first voltage-controlled oscillator having a fre- 
quency output swept linearly in time which is con- 
nected to another input of said second mixer; 

a first narrow-bandpass filter connected to the output 
of said second mixer for establishing said first nar- 
row bandwidth; 

a first full-wave detector connected to the output of 
said first narrow-bandpass filter; and 

a first envelope detector connected to the output of 
said first full-wave detector, said first envelope 
detector outputting a signal to one input of the 
aforesaid comparator. 

6. An automatic adaptive threshold circuit as recited 
in claim 5 wherein said first narrow bandpass filter is 
fixed in frequency. 

7. An automatic adaptive threshold circuit as recited 
in claim 1 wherein said reference channel includes: 

a third mixer having a plurality of inputs, one of 
which is connected to the output of the aforesaid 
filter means; 
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a second voltage-controlled oscillator having a fre- 
quency output swept linearly in time which is con- 
nected to an ther input f said third mixer, 

a second narrow-bandpass filter connected to the 5 
output f said third mixer for establishing said sec- 
ond narrow bandwidth, said second narrow band- 
width being wider than said first narrow band- 
width; 10 

a second full-wave detector connected to the output 
of said second narrow-bandpass filter; and 



6 

a second envelope detect r connected t the utput 
f said second full-wave detector, said second en- . 
vel pe detect r utputting a signal to an ther input 
of the aforesaid comparator. 

8. An automatic adaptive thresh Id circuit as recited 
in claim 7 wherein said second narrow-bandpass filter is 
fixed in frequency. 

9. An automatic, adaptive threshold circuit as recited 
in claim 7 wherein said second voltage-controlled oscil- 
lator is offset in time from said first voltage-controlled 
oscillator. 
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